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Summary of Data Analysis Results for the BY Single Shell Tank
Farm Dry Well Gross Gamma Ray Surveillance Logs

1.0 IntroductIon

The single-shell tank farm dry well surveillance program was established 1947 as one of several methods used to
Identify leaking tanks and operated until 1994. Up until 1975, data were collected In a non-digital format and in
1975, the survellance program was upgraded to a digital logging system. Under the new systen, gross gamna ray
logs were recorded in digital form utilizing several logging detector types and reviewed In order to Identify leaks of
radioactive liquid from the underground tanks. Gross gamma ray logs recorded frm January 1975 through mid-year
1994 have been re-analyzed to locate the presence of mobile radionuclides in the subsurface not targeted under the
original program (data acquired prior to 1975 are not in the correct format for this analysis). Details concerning how
this was accomplished are In "Analysis Techniques Applied to the Dry Well Surveillance Gross Gamma Ray Data at
the SX Tank Farm, WMNW-TRS-ES-VZMA-001.

A necessary element for the analysis of the gross gamma ray data Is the use of Inforrnation provided from the
spectral gamma logging analysis Implemented from 1996 to 1997. The analysis was performed on BY Tank Farm
wells by MACTEC-ERS of Grand Junction, Colorado for the U.S. Department of Energy (DOE) under contract #DE-
AC4-94AL96907 (MACTEC-ERS, 1997). The spectral gamma logging system (SGLS) employs a high-purity
germanium (HPGe) detector to obtain data leading to the Identification and depth of gamma ray emitting radioactive
Isotopes. Knowledge as to the isotopes that are present in the subsurface Is required to adequately interpret the
tank farm dry well surveillance logs. By integrating SGLS data with historical dry well surveillance data, knowledge is
gained concerning the behavior of radionuclides In the vadose zone over time.

A goal of this report is to prsent the BY Tank Farm gross gamma ray data In such a way as to assist others in their
study of vadose zone mechanisms, allowing them to further analyze the data and develop their own conclusions and
Interpretations. Overall tends In the data, as well as areas where additional information would be helpful In
evaluating the unusual nature of some of the data, will be discussed. It is planned that this presentation will support
Tank Waste Remedlation System (TWRS) activities for closure, characterization, remedation, and other vadose zone
issues. In general, the data analysis resulted In the identification of five types of subsurface conditions that occur
within discrete depth intervals called zones. 'They are defined as follows:

* CLEAN: no systematic trend above the detection threshold for the gross gamma ray logs is indicated by the
data.

* STABLE: the decay rate of the isotope(s) identified In the zone matches the change In concentration of the
Isotope(s) as measured over time, and no noticeable deviation from the match is apparent within the timeframe
that gross gamma ray data were collected. Contaminants may be moving, but at a slow enough rate as to not
be observable within the timeframe of data collection.

* UNSTABLE/UNSTABLE EARLY: the decay rate of the isotope(s) identified In the zone does not match the change
in concentration of the isotope(s) as measured over time within the timeframe that gross gamma ray data were
collected. Those zones that exhibit an unstable condition early In this timeframe, but currently exhibit a stable
condition, are called unstable or unstable early In this report Those that are currently unstable are labeled
unstable. Currently, isotopes cannot be identified from gross gamma ray data alone. Therefore, isotopes with a
rapid rate of decay, such as Ru-106, or at low enough levels to decay below detection limits, may not be
identified if the period of Instability is prior to the collection of SGLS data. Their presence is speculated based on
the fit of the decay curve.

* TANK FARM ACflVITY: an Irregular change in the Intensity of gross gamma rays between successive surveys at
or near the surface suggests that contamination may be the result of tank farm activities or logging procedure
changes and not vadose zone mechanics.

* UNDETERMINED: stability cannot be determined due to Insufficdent data, exceeding the system design criteria
(both upper and lower lImits) for recording gross gamma ray data, or possible affects of depth shift or surface
activities.
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Stable vs. unstable is an apparent condition limited by the time Interval over which data were collected, the
sensitivity of the tools, and the level of contamination, and is not a definitive statement concerning the fixed or
mobile nature of a given isotope.

Note: The category names have changed since the SX report was produced, although the categories are basically the same
(I.e., dean, stable, and changed vs. dean, stable, unstable early, and unstable). More kinds of Instability were identified In
the BY Tank Farm data than in the SX Tank Farm data, which lead to a chanoe In terninnoloov.

It Is beyond the scope of this project, to identify the soure, rate of movement, or migration pathway of mobile
radioactive contaminants and their ultimate impact to the envionment It Is also pointed out that where boreholes
do not exist, movement can occur without detection. This investigation Is lnimted to the immediate area
(approximately 20 inches) around each borehole from which gamma rays are readily detected, and Is not rigorous
enough to interpret the condition of the space between boreholes and outside of the investigated area.

1.1 Backaround:

A series of twelve tanks were installed at the BY Tank Farm from 1946 to 1947 to receive liquid waste resulting from
activities at the Hanford site (Brevick, et. al.). These tanks are 75 feet in diameter, constructed on 100-foot centers,
with 25 feet between the sides of each tank and are Interconnected in a variety of ways. A network of vadose
monitoring wes (dry wells) was installed throughout the BY Tank Farm over a number of years to monitor the
subsurface condition of the tank farm (Figure 1). All of the 70 wells constructed have a single string of casing
Installed wncrrent to the drilling activity to prevent collapse of the unconsolidated subsurface sediments (loose sand
and gravel). An additional borehole (22-00-05) was drilled south of the 104 and 101 tanks for which them are no
geophysical data available. The boreholes range in depth from 85 to 150 feet, with the majority being 100 feet
deep. The gross gamma ray data that were acquired digitally from these wells between 1975 and 1994 were
analyzed by Three Rivers Scientific and presented in Analysis of Historical Gross Gamma Logging Data frm BY Tank
Farm,* (Project No. 772028, Task No. 23020001).

1.2 Datb Analysis Description:

Data from the dry weD logs are compiled through a number of iterations until data sets are obtained that reveal any
trend present This process does not add or delete data, but merely complies them into a useful, uncompromised
data set. A depth vs. time plot, or stack plot, of the gross gamma ray data Is created to identify trends and zones of
contamination. All historical log surveys for one dry well (borehole) am analyzed as a whole for each radioactive zone
in a well, thus allowing statements to be made about the apparent condition or rate of change of any given
radioactive Interval.

Review of the historical goss gamma ray data revealed that limits In the system design for collecting data prior to
1983 created a situation where the zero point for the start of data collecting was Inconsistent (refer to WMNW-TRS-
ES-VZMA-001 for details). This makes evaluating trends in the data difficult. Several methods can be employed to
overcome varying zero points and to essentially create a common starting point from which to view the data, making
trend Identification easier. These methods apply a depth shift to the data, which Is simply adjusting data up or down
so that certain identifiable features in the data can be aligned and evaluated. By applying a depth shift to the data,
the ability to identify downward movement of the isotopes can be hindered, so depth shifting is avoided as much as
possible.

A summation of the values of logging instrument readings over the depth interval of interest minus background
activity and times the distance between sample point depths yields a constant that Is independent of the specific
starting point This calculation is called the grade thickness product (GTP) and can be applied over a depth Interval
wide enough to include all variances in depth so as not to require depth shifting. When the calculation Is applied
over the entire interval, the result is a more accurate representation of the condition of the zone over time.

Gross gamma ray log surveys contain data at one-foot intervals over the length of the borehole. Differences In the
zero-depth reference point cause variations in the maximum count rate for thin radioactive zones as well as the
apparent depth of contamination. The GTP technique is used to eliminate this variable sampling effect upon the
overall net change for a given zone.

ApplyIng a GTP calculation over an entire interval can mask the presence of discrete stable or unstable zones within
the interval. Therefore, smaller intervals are evaluated to obtain a clearer understanding of the movement of
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isotopes in the overall contaminated zone. Occasionally, the smaller intervals overlap In order to aid In the
Interpretation of trends in the overall zone of Interest and to account for depth errors. For clarity of presentation In
this summary report the analysis for the entire Interval is presented with a discussion of disaete zones Included
where appropriate. For detailed Information about the analysis and the zones Investigated, see the aforementioned
BY Tank Farm analysis report At very low levels of contamination, Inconsistencies were observed between the gross
gamma Indications and the SGLS data. Also, inconsistencies in the data analysis (e.g., depth Intervals analyzed,
isotopes used In calculating decay curves (sometimes known, sometimes hypothesized]), interpretation of the data,
Incompleteness in reporting of the evaluation, and errors in the BY Tank Farm analysis report make summarizing
diflicut These inconsistencies ae driven in part by the complexity of the contaminate movement, and information
gathered from the logging process. It is recommended that the BY Tank Farm analysis report and Its authors be
consulted when applying the Information presented In this summary report

Note: Gross gamma ray dama were collected using a variety of probe types. The values generated by these probe types do
not correlate with each other (eg., the NaI probe "yp 04 does not record values that relat to those recorded with the
Green.or Red GM probe types 01 and 02). It Is not within the scope of this project to normalize &hese values. Thereftre,
caution must be used when relating GTP values In zones recorded with different probe types. See WMNW-TRS-ES-VZMA-
001 for a detailed discussion.

The average background activity of naturally occurring potassium, uranium, and thorium Is obtained from review of
the data for each survey and provides a level of confidence that the Instrumentation worked consistently and the
gross gamma ray data are valid. The percentage of data values that are considered as representing a natural
background formation response (frequency clean) is also calculated. The average backgund activity value is
calculated for all survey depth samples between a lower and upper count rate threshold. The lower count rate
threshold is generally set at. zero (0) c/s; a value defined as Indicating a data gap. The upper count rate threshold is
generally set at 50 c/s for probe type 04 (Nal), a conservative value near what is considered badcground activity, yet
one fourth of the count rate considered reportable by the leak detection program.

Note: Spurious data are generated during normal data collecting activities. Spurious zero values are called data gaps and
are considered as unrealistically low natural background activity when recorded with the sodium-iodide probes. Between
1975 and 1982, the equipment would occasionally record a spurious data value of minus one (-1) or zero (0). A value of
minus one represents an Invalid count rate. Data gaps occur at various locations In the surveys, including in the
background or In the middle of a high contamination zone within a borehole. Data gaps are not included In the calculation
of average backaround, grade thickness product, or frequency dean values.

Zones where contamination is Identified are examined using the GTP evaluation. The average background activity Is
subtracted so that only the contaminated levels above background are included in the analysis. The GTP is plotted in
a graph against time for each depth interval analyzed. One or more decay lines are then overlaid on the graph
based on Isotopes Identified by the SGLS data, knowledge of tank constituents, and the known presence of isotopes
In other boreholes. Sometimes decay lines can be fit through the data in a number of ways with none of them fitting
perfectly. When two or more isotopes are Identified, a least squares fit analysis for a multi-component decay is
perforned (for details, refer to the Appendix in the BX Tank Farm report) for those isotopes that are needed to make
the decay curve fit the data. If an Isotope was identified (usually at low levels) but Is not useful In fltwg the curve, it
was not Included In the GTP calculation. Isotopes that are known to exist In the Inventory of the tank farm, or are
Identified In nearby wells, may not be Identified by the SGLS due to being at or below detection levels. Such Isotopes
are hypothesized to have been present and are sometimes included in the least squares fit analysis when needed to
make a fit. The decay rates for each of the components are held fixed in the fitting process and only the relative
Intensities of the components are calculated. The relative contribution of gross gamma rays from one component to
another depends upon the nature of the Isotopes and the detector design. Comparing the GTP data and the decay
line(s) reveals Information about the rate of change of contamination within a zone over the timeframe that data
were collected. Multiple plots are generated to show the results for different zones within a borehole when
appropriate. The details for the use of GTP are covered in WMNW-TRS-ES-VZMA-001.

The objective of the analysis is to assure that a thorough examination of dry well surveillance logs is performed. It is
also to assure that no zones of contamination abruptly entered the borehole survey region and quidy migrated out
All surveys are examined so that no unusual problems or conditions remain as undeced. Table 1 contains a list of
the wells located in the BY Tank Farm as well as information concerning the Identity, level, and depth of
contamination. Due to the complex nature of the data, detailed comments from the summaries In the BY data set
are also provided to aid in understanding. In order to afford a spatial relationship to the subsurface contamination, a
variety of maps depicting tank and data point locations are provided.
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Table 1. BY Zon e
Total Subsurface Zone Max. Year

Borehole Depth Number of OProbe Condition Depth GTP Max. Isotopes
Number feet Surveys Type Category feet ft*c/s GP Identified Comment
22-00-01 140 340 4 tStable 40-65 250 1975 'MCs No SGLS data; wCs not Identified

Stable 70-84 70 1975 "'Cs
Stable 84-100 70 1975 "'Cs

22-00-02 100 206 4 Stable 0-14 600 1975 'Cs Borderline downward movement
9Undetemined 45-56 1,300 1975 - ; Possible downward movement, but below detection
Stable 56-64 1,200 1975
UaNile 64-96 1,800 1975 Downward movement at low levels; wCs decay nurve fits, but was not used as

_________"Cs was not Identified by the SGLS
22-00-03 145 208 4 Stable 40-80 3,000 1975 "c 2Sb

Unstable early 80-117 12,000 1975
Stable 117-128 1,800 1975
Stable 128-140 1,100 1975 b

22-00-04 100 210 4TFActivity 0-10 200 1975 "Cs
Stable 48-70 500 1975 C _b

Stable 70-85 1,000 1975 -
22-00-OS no data No geophysical data available
22-00-10 120 385 4 TF Activity 0-10 150 1975 "Cs "Cs Id'd at 8 pC3/g should appear In gmss gamma log at 46 feet, but doesnt
22-01-01 100 405 4 TF Activity 0-6 400 1985 "'Cs

'Appear stable 6-15 SO 1975 '"Cs Low levels near threshold
22-01-03 100 395 4 TF Activity 0-10 100 1975 "'Cs
22-01-04 100 408 4 TF Activity 0-15 1,700 1975 "'Cs

Stable 15-30 16,000 1975 '"Cs
Stable 30-60 1,400 1975 "CO; 2'5 Sb

22-01-07 100 394 4 TF Activity 0-6 6,000 1975 "'Cs
Stable 6-15 100 1975 - Cs Low levels near threshold
Stable 40-55 200 1975

22-01-10 100 419 4 TF Activity 0-10 1,500 1975 "Cs
Stable 15-25 500 1975 "Cs
Stable 25-44 550 1975 NCs;

22-02-01 100 593 4 TF Activity 0-10 800 1985 "'Cs
TF Activity 10-20 200 1984 'Cs
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Stable 40-53 3,200 19751 We
Stable 55-75 200 1975 "Ru
Stable 80-96 550 1975 "Ca; '=Ru

22-02-02 100 540 4TF Activity 0-6 600 1975 Cs
Stable 6-18 300 1975 WCs

22-02-05 100 545 4 TF ActMty 0-10 3D0 1975 mCs
22-02-07 150 452 4 TF ActMty 0-10 200 1986 Cs No SGLS due to high surface rid. area for personnel
22-02-09 100 607 4TF Actity 0-10 400 1986 wCs

Stable 20-26 200 1975 ' b
Stable 26-34 450 1975 b Ru
Stable 34-44 1,800 1975 Ru

Stable 44-52 2,500 1975 Cs "C o
Undetermined 55-65 100 1975 Low levels near threshold

22-03-01 95 538 4 TF Activity 0-10 200 1986 Cs
22-03-04 100 457 4TFActivity 0-10 900 1975 'Cs

ITF Activity 10-30 800 1975 WC5
Stable 40-55 2,800 1975b
Stable 55-85 900 1975 ' b

22-03-05 100 235 1 Undetermined 0-5 300 1964 "'Cs Lack of depth control
Stable 5-15 350 1960 Cs
Stable 15-60 170,000 1980 C Count rate limits exceeded
Stable 60-85 1,700 1980 MCs

22-03-06 100 490 4 TF Activity 0-10 900 1975 Cs
Appear stable 20-28 2,3D0 1975 tmCs
Stable 37-48 13,000 1975 fCs, ;'
Stable 48-60 2,400 1975 b9 Ru
Stable 60-94 4,300 1975 "Ca; "Sb; -'OU

Stable 94-100 1,000 1975 br Interval not logged after mid 1982
22-03-07 100 475 4TF Activity 0-8 100 1975 WCs

Stable 47-62 1,3)0 1975 b

Stable 62-90 1,100 1975 - U ;

22-03-08 100 504 4 TF Activity 0-8 200 1975 mCs
Stable 40-60 1,30 1975
Appear stable 80-98 100 1975 Lowlevels near threshold

-22-03-09 100 618 4W Activity 0-11 2,000 1975 s;
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Undetermined 11-24 2,600 1975 'Ru Ru decay rate does not match exactly
Unstable early 24-52 29,000 1976 Mi'dib; 7,
Unstable 48-95 16,000 1976 *Ej"ub Downward movement to below well In 1993

22-03-10 100-85 472 4 TF Activity 0-8 300 1975 Cs Borehole filled In to 85 feet In 1980
Stable 8-30 170 1975 "'Cs Low levels near threshold

22-04-01 100 439 4 Appear stable 20-35 250 1975 Ru

Stable 35-45 150 1975 aRu

22-04-05 100 403 4 "Cean

22-04-07 100 409 4 Clean

22-04-09 100-125 451 4 TF Activity 0-8 200 1984 WCs
Unstable early 75-95 1,800 1980
Stable 105-120 500 1984 Well deepened In 1983 and condition Is stable

22-0411 100 405 4 TF ActIvity 0-8 200 1984 Cs

Stable 10-25 200 1975 Cs

Stable 25-50 1,500 1975 aRu

Undetermined 90-100 1,000 1975
22-05-01 100 737 4 TF Activity 0-10 130,000 1985 wCs Some surveys are near count rate lmts
22-05-05 100 704 4 TFActivIty 0-10 120 1975 Cs
22-05-09 100 643 4 Unstable early; 55-90 1,000 1975 6 Downward movement

undetermined
late -l

22-06-01 100 726 41TF Activity 0-8 400 1984 "'Cs C
Stable 42-52 200 1975 C
Stable 52-65 600 1975

22-06-05 100 718 4 TF Acty 0-8 70 1975 'Cs
Appear stable 28-36 500 1975 "CD; Sb
Unstable 40-84 10,000 1975 b Downward movement

22-06-07 140 535 4T Activity 0-8 200 1984 'Cs
Unstable early 40-52 300 1975 "'Cs
Unstable early 52-80 1,100 1979 C Downward and lateral movement

22-06-09 100 709 4 Unstable early 70-90 650 1975 *MRu

22-06-11 100 543 4 TFActivity 0-10 200 1975 'Cs
22-07-01 100 242 4TF Activity 0-10 300 1975 "Cs

Unstable early 40-52 800 1976 "Cs-
Stable 52-70 3,500 1975 "CD
Stable 70-92 3,000 1975 WCO
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22-07-02 100

(

3361 4 Appear stable 6-20 200 1975 "'Cs
Unstable early 42-95 2,800 1976 " CO Downward movement; contamination may be below bottom of well

22-07-05 100 238 4 Unstable early 40-78 3,800 1975 CCo Downward movement within the zone fmm 42 to 65 feet
Undetermined 90-100 500 1975 MCs

22-07-07 100 225 4 Unstable early 30-54 2,500 1975 "C '"b; Ru
Unstable 80-98 1,800 1976 * E; Stable from 1983 or 1990

22-07-09 100 393 4 TF Activity 0-9 2,500 1984 "'Cs
Stable 9-17 1,400 1975 Cs
Appear stable 17-36 50,000 1975 Cs Count rate may have been exceeded
Unstable 62-100 2,200 1976 iCs; Downward movement to below well bottom In 1990

22-07-10 97 356 4 TFActivity 0-6 1,500 1975 "Cs
Stable 6-12 2,000 1975 "Cs
Stable 12-20 1,400 1975 "Cs
Stable 20-30 1,600 1975 "Cs
Stable 30-44 1,400 1975 WCs

22-08-01 100 312 4 TF Activity 0-12 200,000 1989 aCs Count rate may have been exceeded
Stable 22-32 500 1976 C

Stable 32-42 2,400 1976 -E ;' ! oib
Stable 42-59 25,000 1975

Unstable 59-95 12,000 1975 ";1"b- Movement of Isotopes is undear; stable from 1985 to 1994
22-08-02 100 305 4 TF Activity 0-10 20,000 1993 "'Cs

Stable 20-30 1,000 1975 ' b
Unstable 44-100 15,000 1975 ' b Downward movement, possibly below bottom of borehole

22-08-05 100 314 4 TF Activity 0-8 200 1975 Cs
Stable 36-45 250 1975
Stable 45-53 700 1975

Stable 53-63 1,000 1975
Unstable early 63-84 900 1975 Downward movement

22-08-06 100 314 4WFActIvity 0-8 1,200 1975 "Cs
TF Activity 8-18 500 1975 "'Cs
Stable 18-29 400 1975 "'Cs
Stable 46-54 150 1975 WCs; O
Stable 54-63 200 1975
Stable 63-73 900 1975
Unstable early 73-83 450 1975 F
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122-08-07

C

135 296 4ITF Activity 0-8 500 1975

C

22-08-09 100 403 4 TF Activity 0-10 80,000 1984 MCS
Unstable early 72-84 150 1975 _; _R_

22-08-12 105 380 4 TF ActivIty 0-8 10,000 1989
Unstable early 25-40 300 1980 "'Cs Q7s decay curve does not fit GTP plot
Unstable early 40-51 3,000 1975 ; b
Unstable early 51-60 3,000 1975 "Cg Possible downward movement
Unstable eaudy 60-82 1,000 1976 WCo Downward movement within the zone

22-09-01 100 674 4 Stable 24-35 250 1975 '"Ru
Stable 40-55 2,200 1975 u

22-09-02 100 468 4 TF Activity 0-10 2,000 1984 WCs

TF Activity 10-14 300 1975 "'Cs
Stable 14-34 1,200 1975 "'Cs

Stable 42-64 500 1975 mRu
22-09-05 100 562 4 .F Activity 0-10 100 1975 WC 5

Stable 40-58 250 1975 'Es; b
22-09-07 97 481 4 Unstable early 20-40 12,000 1975 '"Ru

Unstable early 40-50 9,000 1976 "wRu
Unstable early 50-64 2,700 1976 i;mR7 u

22-09-08 98 368 4 Undetermined 16-30 80,000 1985 "'Cs Cotut rate limb exceeded
Stable 43-52 150 1981
Undetermined 76-90 100 1985 SCo Levels below detection threshold

22-09-11 100 552 4 TF Activity 0-10 1,500 1975 MCs

Stable 16-25 300 1975 Cs; 9b
Stable 25-38 450 1975 '"Ru
Unstable early 38-52 3,500 1975 'Ru

22-10-05 100 400 4 Stable 45-55 200 1975 "CO

Unstable early 55-75 300 1979 W

22-10-07 100 377 4 Unstable early 45-65 200 1983
22-10-09 100 364 4 TF Activity 0-10 20,000 1975 MCs

22-10-10 100 406 4 Unstable early 58-76 1,500 1975.

22-11-01 100 415 4 TF Activity 0-5 1,000 1975 "Cs

TF Activity 5-10 900 1975 'Cs
Unstable 19-28 4,000 1984 "Cs

22-11-05 100 450 4 TF Actlvlty 0-10 - 3,000 1975 WCs
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22-11-08 100 438 4 W Activity 0-10 100 19751 ""Cs

'Probe type: 1 - Green GM, moderately sensitive; reads moderate levels of gamma ray activity.
4 - Nal, most sensitive, reads lowest level of gamma ray activity.
Caution must be used when relating GIP values in zones recorded with different probe types.

"The decay rate of the Isotope(s) identified In the zone matches the change In concentration of the Isotope(s) as measured over time, and no noticeable deviation from the match Is apparent
within the timeframe that gross gamma ray data we collected.

'Stability cannot be determined due to Insufficient data, exceeding the system design criteria (both upper and lower limits) for recording gross gamma ray data, or possible affects of depth
shift or surface activities.

"The decay rate of the Isotope(s) idenified In the zone does not match the change In concentration of the isotope(s) as measured over time within the timefiame that gross gamma ray data
were collected. Those zones that exhibit an unstable condition early in this timeframe, but currently exhlbit a stable condition, are called unstable or unstable early In this report.

"An Irregular change In the Intensity of gross gamma rays between successive surveys at or near the surface suggests that contamination may be the result of tank farm acUvities or logging
procedure changes and not vadose zone mechanics.

T1he decay rate of the Isotope(s) idendfied in the zone appears to match the change In concenbation of the Isotope(s) as measured over time, but stability cannot be rigorously determIned.

Weil 22-03-09 exhibits downward movement with lateral Influx from 1975 to 1977 and downward movement from 1977 to 1995 (It Is not possible to tell If them Is lateral movement during
this time period); stingers of contamination am left behind after the majority of the contamination moves through; the leading edge of the contaminaton moves below the bottom of the
borehole In 1985 to 1986 and continues to move down until the trailing edge of the contamination moves below'the bottom of the borehole In 1991 to 1992.

hNo systematic trend above the detecUon threshold for the gross gamma ray logs Is Indicated by the data.

Curentiy, Isotopes cannot be Identified from gross gamma ray data alone; theref, isotope with a rapid rate of decay, such as Ru-106, may not be identified If the perod of Instability is
prior to the collection of SGLS data. Also, Isotopes that are at low enough levels to decay below detection limits when SGLS data were collected may not be Identified.

Stable vs. unstable Is an apparent condition limited by the time interval over which data were collected and the level of contaminatlon, and Is not a statement concerning the fixed or mobile
nature of a given Isotope.
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Stable 56-66 120 1975
22-11-09 100 437 4 TF Activity 0-8 8,000 1975 Ws

Stable 24-34 450 1975
Unstable early 346 250 1975

22-12-01 100 424 4 Clean
22-12-03 100 509 4 TF Activity 0-10 200,000 1980 "Cs Count rate lmits exceeded

Stable 10-20 300 1975 "Cs
22-12-05 100 426 4 TF Activity 0-20 1,000 1975 "Cs
22-12-06 100 428 4 TFActivity 0-20 8,000 1975 1Cs
22-12-07 100 418 4 Tr ActivIty 0-10 1,500 1984 "'Cs

22-12-09 100 429 4 Clean
22-12-10 100 424 4 Clean
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Certain limitations in the data available for analysis make evaluation less complete. Some of the limitations are as
follows:

* Inability to identify when down-hole contamination is a result of vadose zone mechanics or drag down during
well Installation

* Insufficient gross gamma ray data to establish a statistical trend or rigorous statistical analysis

* Incomplete timeframe over which data are available

* Lack of data below well bottom

* Inability to Identify isotopes that have decayed to evels below the detection limits of the SGLS.

2.A Subsurface Condition Categoies

2.1. Clean:

A clean well is one that exhibits no observable change in the character of the activity over the logging history of the
well, and does not have any statistically significant levels above natural background over the timeframe of gross
gamma ray data collection. Although spurious surveys (those readings that do not repeat over tine) may exist in the
frequency clean and the average background plots, the trend of the data is clear. Five out of 70 wells In the BY Tank
Farm are considered dean (Figure 2) and are listed in Table 2. The remaining 65 wells are considered contaminated
and are further categorized and discussed In the following sections.

Table 2. Clean Zones
Total Subsurface

Borehole Depth Condition
Number fret Category
22-04-05 100 Cean
22-0407 100 Cean
22-12-01 100 cean
22-12-09 100 Oean
22-12-10 100 Gean

2.2. Contaminated:

Identification of specific gamma emitting Isotopes that are in the subsurface Is attainable from data acquired by the
SGLS. Integration of the decay rate of the radionuclide species with the gross gamma ray data collected during the
dry well surveillance pogram provides insight as to the rate of change, if any, of radionucildes In the subsurface.
During the analysis of BY Tank Farm data, seven Isotopes were Identified through SGLS analysis or hypothesized to
occur In radioactive zones. They are ceslum-137 (Cs-137), cobalt-60 (Co-60), antimony-125 (Sb-125), uranlurm235
and -238 (U-235/8), europium-154 (Eu-154), and ruthenium-106 (Ru-lO6).

The most commonly found isotope is Cs-137, which Is prinarily found by itself throughout the tank fam from surface
to 20 feet. It Is found with various combinations of the other Isotopes from 20 to 100 feet. Cobalt-60 Is found from
22 to 140 feet and occurs primarily to the northwest and southeast of the 103 tank, spread between the 107 and 109
tanks, to the west of the 110 and 111 tanks, and to the south of the 107 and 110 tanks. It is found deeper than 100
feet in only two wells: 22-00-03 and 22-04-09. Antlmony-125 is found from 16 to 140 feet and Is fairly localized
around the 109 tank, to the northeast side of the 108 tank, to the southeast of the 103 tank, with a few occurrences
elsewhere In the tank farm. It is often hypothesized to have been present as levels of Sb-125 fell below the
detection threshold by the time of the SGLS analysis. It Is hypotheszed to be deeper than 100 feet only in well 22-
00-03. In a few Instances, Sb-125 was not Identified by the SGLS, yet the levels of radioactivity In 4 zones in 4 wells
prior to the SGLS analysis suggest that there was sufficient Sb-125 present to have been identified by SGLS given
stable conditions. These zones are: 48 to 70 feet In well 22-00-04, 34 to 44 feet In well 22-02-09, 42 to 59 feet in
well 22-08-01, and 40 to 51 feet In well 22-08-12. Review of the raw SGLS data gathered from these intervals might
provide supporting documentation for the hypothesized presence of Sb-125. Ruthenium-106 Is hypothesized to have
been present from 11 to 96 feet in the north part of the tank farm around the 109, 106, and 103 tanks and to the
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south part of the tank farm, primarily around the 104 tank. Uranium-235/8 is identified In only one well, 22-11-08
from 56 to 66 feet. Europium-154 Is identified in only one well, 22-03-09 from 0 to 11 feet.

Ruthenium-106 is not currently present above the detection threshold In any of the wells examined by the SGLS.
This Is due to the very rapid exponential decline over a short half-life of 1.02 years. Ruthenlum-106 is hypothesized
to have been present In 17 wells In 1975 and In one well in 1976 on the basis of the gross gamma ray data, the
resulting GTP calculations that mimic the decay rate of Ru-106, and the Inventory list of known radlonucildes for that
time period. It must be noted, however, that the method of fitting a decay curve to the observed GTP trend
Identifies only those contaminants that are not changing. Therefore, it is assumed that Ru-106 is present If the
decay am for Ru-106 matches the GTP plot If any decay curve does not match, then the contaminants cannot be
identified with this method without additional information. The isotopes identified with the SGLS are prinarily found
to be present under four subsurface conditions: stable, unstable/unstable early, tank farm activity, and
undetermined. The location of wells labeled with the conditions of subsurface zones Is shown in Figure 2. A
different condition can be indicated for each zone within a well with multiple zones.

2.2.1 Tank Farm Actlvity:

An Irregular change in the Intensity of gross gamma rays between successive surveys at or near the surface suggest
that contamination may be the result of tank farm activities or logging procedure changes and not vadose zone
mechanIcs. Cs-137 exists near the surface In 47 wells, affecting as much as 30 feet below surface, apparently as the
result of tank farm activities (i.e., logging procedure changes, transfer line operations, valve box and conduit leaks,
spills, etc.). The wels affected by tank farm activities are listed in Table 3. Thirty thre of these wells are or appear
to be stable from 1986 to the end of gross gamma ray data collection and are labeled as such in the table. Thirty-
five wells have additional radioactive zones at depth that am categorized according to the rate of change, if any,
exhibited by the radionucides present and are Included in the discussions that follow.

Table 3. BY Tank Farm Activfty Zones
Total Subsurface Zone Max. Year

Borehole Depth Condition Depth GTP Max. Isotopes
Number feet Category feet ft*c/s GTP Identified Comment
22-00-04 100 TF Activity 0-10 200 1975 'cs

22-00-10 120 TF Activity 0-10 150 1975 S

22-01-01 100 Acdvity 0-6 400 1985 Cs
22-01-03 100 IAcvIty 0-10 100 1979 C&s

22-01-04 100 TF Activity 0-15 1,700 1975 WCs

22-01-07 100 W 7Acty 0-6 6,000 1975 WCs

22-01-10 100 Actvity 0-10 1,500 1975 ECs
22-02-01 100 AcdFty 0-10 800 1985 fCs

Actvity 10-20 200 984 Es
22-02-02 100 TF Activity 0-6 600 1975 &Cs

22-02-05 100 Activity 0-10 300 1975 WCs
22-02-07 150 IF Aavity 0-10 200 1986 "Cs No SGLS; high surface radiation area

22-02-09 - 100 'Acvity 0-10 400 1986 - "C-s

22-03-01 95 Activity 0-10 200 1986 -C-s
22-03-04 100 -TF Activity 0-10 900 1975 CS

__rActlvty 10-30 800 1975 "MCs

22-03-06 100 5Actvity 0-10 900 1975 WCS
22-03-07 100 WACdity 0-8 100 1975 07CS

22-03-08 100 FActlvity 0-8 200 1975 "fCs

22-03-09 100 TF Activity 0-11 2,00i 1975 s'Eu

22-03-10 100-85 AcdvIt 0-8 300 1975 'Cs Borehole filled in to 85 feet in 1980

22-04-09 100-125 TF Activity 0-8 200 1984 ECs
22-04-11 100 Activity 0-8 200 1984 ECs
22-05-01 100 'TF Activity 0-10 130,000 1985 arCs Some surveys are near count rate limits
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22-05-05 loo OTF Activity 0-10 120 1975
22-06-01 100 ' Actvity 0-8 400 1984 wCs Very low levels after 1986

22-06-05 100 TF Activity 0-8 70 1975 OCs
22-06-07 140 TF Activity 0-8 200 1984 -OCs

22-06-11 io -Acvity 0-10 200 1975 " Cs
22-07-01 100 TF Activity 0-10 300 1975 NCs
22-07-09 100 Activity 0-9 2,500 1984 WCs
22-07-10 97 TF Activity 0-6 1,500 197S mIs
22-08-01 100 Activity 0-12 200,000 1989 -- s Count rate may have been exceeded
22-08-02 100 IF Activity 0-10 20,000 1993 nCs
22-08-05 100 WAcidvty 0-8 200 1975 WCs-
22-08-06 100 F ActvIty 0-8 1,200 1975 WCs

'T AcivIty 8-18 500 1975 "fCs
22-08-07 135 9Ac0vity 0-8 0Si 197S wCs
22-08-09 100 'TF Activity 0-10 80,000 1984 Cs
22-08-12 105 TF Activity 0-8 10,000 1989 Cs
22-09-02 100 F Activity 0-10 2,000 1975 'Cs

NActvity 10-14 300 1975 Cs
22-09-05 100 TF Activity 0-10 100 1975 Ns
22-09-11 100 9 1Acty 0-10 1,500 1975 wCs
22-10-09 100 IM Activity 0-10 20,000 1975 WCs
22-11-01 100 TF Activity 0-5 1,000 1975 IPCS

TF Activity 5-10 900 1975 NCs
22-11-05 100 TF Activity 0-10 3,000 1975 WCs
22-11-08 100 TF Activity 0-10 100 1975 Cs
22-11-09 100 iviWvty 0-8 8,000 1975
22-12-03 100 TF Activity 0-10 200,000 1980 WC5 Count rate limits possibly exceeded
22-12-05 100 W AcUiiy 0-20 1,000 1975 Cs
22-12-06 100 n Activity 0-20 8,000 1975 Cs
22-12-07 .100 F Activity 0-10 1,500 1984 "Cs Mostly below detection limit except around 1985

*Stable or appears to be stable after 1986.

2.2.2 Undetermined:

Infrequently, the subsurface condition of a zone with radioactive contamination cannot be determined and the zone
Is therefore classifled as undetermined. There are eight zones in seven wells examined that are undetermined (Table
4). These zones occur throughout the subsurface and have:

* Data that are too near or below the threshold for detection limits, or timeframe of data collection is too short to
determine stability due to statistical variations

" Possibly been affected by depth shift or surface activities

* An isotope(s) that Is not Identified through SGLS analysis, and a decay curve for a hypothesized Isotope that
does not fit the GTP trend

* Data that were collected with Inappropriate equipment.
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Table 4. BY Und-termined Zones
Total Subsurface Zone Max. Year

Borehole Depth Condition Depth GTP Max. Isotopes
Number feet Category feet It*c/s GTP Identified Comment

22-00-02 100 Undetermined 45-56 1,300 1975 Co; Unable to obtain a satisfactory decay curve fit to GTP plot
22-02-09 100 Undetermined 33-65 100 1975 C Low levels near thrshold of gross gamma ray detection
22-03-05 100 Undetermined 0-5 300 1984 WCs Lack of depth contol at surface and shot time span of data
22-03-09 100 Undetermined 11-24 2,600 1975 IRu Unable to obtain a satisfactory decay curve fit to GTP plot
22-04-11 100 Undetermined 90-100 1,000 1975 "Co
22-07-05 100 Undetermined 90-100 500 1975 MCS
22-09-08 98 Undetermined 16-30 80,000 1985 s Count rate limb exceeded
22-09-08 Undetermined 76-90 100 1985 *EF Levels below detecdon thirhold
-Currently, Isotopes cannot be Identified from gross gamma ray data alone; therefore, Isotopes with a rapid rate of decay, such as Ru-106,
or at low enough levels to decay below detection limits, may not be identified If the period of Instability Is pior to the collection of SGLS
data.

2.2.3 Stable:

The subsurface condition of a zone with radioactive contamination is considered stable when:

* The decay rate of the isotope(s) Identified with SGLS and/or hypothesized to have been present matches the
trend observed in the GTP of the gross gamma ray data

* Contaminants continue to decrease at a rate consistent with the isotope(s) half-life

" No noticeable change in concentration is apparent over the timeframe that data were collected.

Eighty zones ar considered stable or apparently stable and are listed In Table 5. Stability Is also assumed even If
conditions are such that isotopes may be moving at a rate slow enough as to not be observed over the timeframe of
gross gamma ray data collection. Currently, there is no way to know the condition prior to or after the data
collection period. If a new driver were introduced, such as the Influx of a large volume of liquid, contamination could
be remobilized. Given the current data, It cannot be determined If remobilization will ocur or not, or whether
contaminates are currently mobile and changing at levels below detection by the logging system.

Table 5. BY Stable Zones
Total Subsurface Zone Max. Year

Borehole Depth Condition Depth GTP Max. Isotopes
Number feet Category feet ft*c/s GTP Identified

22-00-01 140 OStable 40-65 250 1975 nCs
Stable 70-84 70 1975 &VCs
Stable 84-100 70 1975 ."Cs

22-00-02 100 Stable 0-14 600 1975 u"Cs
Stable 56-64 1,200 1975 Sbm; *mRu

22-00-03 145 Stable 40-80 3,000 1975 "Co; mSb
Stable 117-128 1,800 1975
Stable 128-140 1,100 1975 ;b

22-00-04 100 Stable 48-70 500 1975 ; b
Stable 70-85 1,000 1975 ; -

22-01-01 100 Appear stable 6-15 50 1975 wCs
22-01-04 100 Stable 15-30 16,000 1975 a"Cs

Stable 30-60 1,400 1975 ; b
22-01-07 100 Stable 6-15 100 1975

Stable 40-55 100 1975
22-01-10 100 Stable 15-25 500 1975 WCs
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Stable 2S-44 550 1975 -Cs; Co

22-02-01 100 Stable 40-53 3,200 1975 WCs

Stable 55-75 200 1975 '"Ru

Stable 80-96 550 1975 ;Ii

22-02-02 100 Stable 6-18 300 1975 '"Cs

22-02-09 100 Stable 20-26 200 1975 b

Stable 26-34 450 1975 ; Ru

Stable 34-44 1,800 1975 ; Ru

Stable 44-52 2500 1975

22-03-04 100 Stable 40-55 2,800 1975E
Stable 55-85 900 1975 ; b

22-03-05 100 Stable 5-15 350 1980 mCs
Stable 15-60 170,000 1980 MCs

Stable 60-85 1,700 1980 C

22-03-06 100 Appear stable 20-28 2,300 1975 Cs

Stable 37-48 13,000 1975 '"Cs; 'to; "Sb

Stable 48-60 2,400 1975 -Sb; Ru

Stable 60-94 4,300 1975 ; Sb; Ru

Stable 94-100 1,000 1975 Sb

22-03-07 100 Stable 47-62 1,300 1975 OEo; "~b

Stable 62-90 1,100 1975 CO; u

22-03-08 100 Stable 40-60 1,300 1975 SCO; '"Ru

Appear stable 80-98 100 1975
22-03-10 100-85 Stable 8-30 170 1975 MCs

22-04-01 100 Appear stable 20-35 250 1975 Ru

Stable 35-45 150 1975 '"Ru

22-04-09 100-125 Stable 105-120 500 1984 "Co

22-04-11 100 Stable 10-25 200 1975 Cs

Stable 25-50 1,500 1975 Ru

22-06-01 100 Stable 42-52 200 1975
Stable 52-65 600 1975 C u

22-06-05 100 Appear stable 28-36 500 1975 'Co; 2 Sb

22-07-01 100 Stable 52-70 3,500 1975

Stable 70-92 3,000 1975

22-07-02 100 Appear stable 6-20 200 1975 - Cs

22-07-09 100 Stable 9-17 1,400 1975 Cs

Appear stable 17-36 50,000 1975 Cs

22-07-10 97 Stable 6-12 2,000 1975 WCs

Stable 12-20 1,400 1975 '"Cs

Stable 20-30 1,600 1975 '"Cs

Stable 30-44 1,400 1975 WCs

22-08-01 100 Stable 22-32 500 1976 ; b

Stable 32-42 2,400 1976 ;

Stable 42-59 25,000 1975 ;F b

22-08-02 100 Stable 20-30 1,000 1975 Sb
100 Stable 36-45 250 1975 "Co

Stable 45-53 700 1975

Stable 53-56 1,000 1975

22-08-06 100 Stable 18-29 400 1975 ICs
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Stable 46-54 150 1975 -Cs;
Stable 54-63 200 1975
Stable 63-73 900 1975 EC

22-09-01 100 Stable 2435 250 1984 Ru
- Stable 40-55 2,200 1975 b; Ru

22-09-02 100 Stable 1434 1,200 1975 WCs
Stable 42-64 500 1975 'Ru

22-09-05 100 Stable 40-58 250 1975 wCs; -sb

22-09-08 98 Stable 43-52 150 1981

22-09-11 100 Stable 16-25 300 1975 Cs; b

Stable 25-38 450 1975 'RU

22-10-05 100 Stable 45-55 200 1975 CO

22-11-08 100 Stable 56-66 120 1975 ;

22-11-09 100 Stable 24-34 450 1975
22-12-03 100 Stable 10-20 300 1975 Cs

rhe decay rate of the isotope(s) identified In the zone matches the change In concentration of the Isotope(s) as measured over
time, and no noticeable deviation from the match is apparnt within the timerme that gross gamma ray data were collected.

bThe decay rate of the Isotope(s) Identified in the zone appears to match the change in concentration of the Isotope(s) as measured
over time, but stability cannot be rigorously determined.

*Currently, isotopes cannot be Identified from gross gamma ray data alone; therefore, Isotopes with a rapid rate of decay, such as
Ru-106, or at low enough levels to decay below detection limits, may not be Identified when SGLS data were obtained.

2.2.4 Unstable:

The condition of a subsurface zone with radioactive contamination is considered unstable when, at some point within
the timeframe of data collection, contamination was not decreasing at the decay rate of the Isotope(s) identified with
SGLS. In this case, the decay curve does not match the trend observed in the GTP of the data. In the BY Tank
Farm, 34 zones In 26 wells are Identified which exhibit periods of instability eady in the tineframe (prior to 1990)
that gross gamma ray data were collected. Most of these unstable zones have since developed a consistent rate of
deaease through when the last data were collected. Many of the unstable zones have decayed to levels too low to
determine stability and are therefore called unstable. Four wells appear to have contamination that has moved
below the bottom of the well: 22-03-09, 22-07-02, 22-07-09, and 22-08-02. The estimated rate of movement of the
contamination in well 22-03-09 appears to be about 2 feet per year. See Table 6 for list of unstable zones.

Downward movement Is seen for the first time In the BY Tank Farm analysis report In 13 wells. Well 22-06-07 also
appears to exhibit lateral movement into the zone from 52 to 80 feet. Downward movement is typically identified In
the stack plot by an apparent widening of a depth zone of contamination over tkme. Lateral movement Is postulated
when the decay curve of Isotopes known to be present in the well do not match the GTP plot of the gross gamma ray
data ard the stack plot does not Indicate downward movement. Due to the limited range In distance arund the
borehole that the logging Instruments can record Information for, It Is not possible to Identify If downward movement
Is restricted to the annulus of the borehole or In the formation adjacent to It. It Is also not possible to identify If the
contamination Is coming from outside of the area of the borehole, or whether it Is coming from above or below the
contaminated zone within the well area.
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Table 6. BY Unstable Zones

Total Subsurface Zone Max. Year
Borehole Depth Condition Depth GTP Max. Isotopes
Number feet Category feet ft*cs GTP Identlfned Comment

22-00-02 100 Unstable 64-96 1,8W 1975 "Co Downward movement at low levels
22-00-03 145 Unstable early 80-117 12,O0 1975
22-03-09 100 Unstable earty 24-52 2OW%2 1976 _C_; - __b; -___

Unstable 48-95 16,000 1976 "Co; *'Sb Downward movement below bottom of well In 1993. Appears
2 9 2U b r -9 to be moving at an estimated rate of 2 feet per year

22-04-D9 100-125 Unstable early 75-95 j1§j 1980 W________________________

22-05-09 100 Unstable early; 55-90 1,000 1975 'Co Downward movement
undetermined
late

22-06-OS 100 Unstable 40-84 10,000 1984 b Downward movement
22-06-07 140 Unstable eay 40-52 300 1975 HCs

_Unstable early 52-80 1,100 1979 WCO Downward and lateral movement
22-06-09 100 Unstable early 7D-90 650 1975 *mRu
22-07-01 100 Unstable early 40-52 800 1976 1Mcs
22-07-02 100 Unstable early 42-95 2,800 1976 'Co May be downward movement along casing; contaminant may

be below bottom of well
22-07-05 100 Unstable early 0-78 3,800 1975 a Downward movement within the zone from 42 to 65 feet
22-07-07 100 Unstable eady 30-54 2,500 1975 -'Cs; -"'Sb: '"Ru

Unstable 80-98 J,Q9 1976 wCo; mSb Stable since 1983 or 1990
22-07-09 100 Unstable 62-100 2200 1976 "Cs '% Downward movement to below well bottom in 1990
22-08-01 100 Unstable 59-95 12,000 1975 _ Co; "32'Sb Movement of Isotopes Is unclear stable from 1985 to 1994
22-08-02 100 Unstable 44-100 is,0) 1975 "Co, -amSb Downward movement, possibly below bottom of borehole
22-08-05 100 Unstable early 63-84 900 1975 "CD Downward movement
22-08-06 100 Unstable early 73-83 450 1975 Levels too low to Identify downward movement
22-08-09 100 Unstable early 72-84 150 1975 'Cs; _Ru

22-08-12 105 Unstable eady 25-40 300 1980 "Cs wCs decay curve does not fit GTP plot
Unstable early 40-51 3,000 1975 - -Co; *-'Sb
Unstable early 51-60 3000 1975 Possible downward movement
Unstable early 60-82 1ODO 1976 Downward movement within the zone

22-09-07 100 Unstable early 20-40 12 O,9 1975 -"Ru
Unstable early 40-50 9,000 1976 '"Ru
Unstable early 50-64 2.700 1976 mb; Ru

22-09-11 100 Unstable early 38-52 3,500 1975 _Ru
22-10-05 100 Unstable eady 55-75 300 1979 C
22-10-07 100 Unstable early 45-65 200 1983 C_
22-10-10 100 Unstable early 58-76 1,500 1975
22-11-01 100 Unstable 19-28 400 1984 "'Cs
22-11-09 100 Unstable early 34-46 250 1975 "Co

urrently, Isotopes cannote iaen fom gross gamma ray data alone; therfore, Isotopes with a rapid rate of decay, such s Ru-106, or at low enough levels to decay below
detection limits, may not be Identified If the period of Instability Is prior to the collection of SGLS data.
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3.0 Details of Contaminated Conditions

3.1 Stable Zones:

Many zones within a number of wells exhibit gross gamma ray activity above natural background. Eighty of these
radioactive Intervals are observed to be stable as verified by the change In GTP over time coincding with the decay
rate of the Isotope(s) Identified with SGLS as, or hypothesized to have been present In the well within the timeframe
data were collected. The isotopes present In these stable zones vary and am presented in Table 1. In general, they
occu as follows:

* Cs-137 occurs as nearly the only man-made Isotope present from 0 to 20 feet, and with other Isotopes at depth.

* Co-60 occurs as the only man-made Isotope present In 46 zones, less commonly with other Isotopes.

" Sb-125 Is usually present with other Isotopes, occasionally by Itself.

* Ru-106 Is hypothesized to exist early in the history of a well with other Isotopes or by Itself.

* U-235/8 appears only once to the southwest of the 111 tank.

* Eu-154 appears only once to the west of the 103 tank.

The fixed decay rate of the Isotope(s) present Is used to calculate the decay line (Figure 3). Table 7 lIlustrates the
half-life of the Isotopes encountered in this tank farm. When a contaminated Interval contains multiple isotopes, the
intensity of each Isotope is induded In the calculation for the decay curve that Is then overlain on the GTP plot

When the decay curve does not fit with the GTP values over the entire timeframe, then It is usually fit to the later
years In order to align the data so trends can be observed. When the decay curve fits the GTP plot a stable
condition is said to exist. When the decay curve does not fit the GTP plot stability cannot be established.

Table 7. Half-life of Isotopes Identified or Hypothesized to be present In the BY Tank Farm
Half-life

Isotope Years
Cs- 30.17

5.27
2.77

Eu 8.5
U'E 7.OOE+08/4.7E+09

RuF 1.02

3.2 Death of Contamination:

The range In depth of contamination Is variable throughout the BY Tank Farm as determined by gross gamma ray
logging, which Is less sensitive than SGLS analysis. The following general statements are from review of the gross
gamma ray logging data. In general, Cs-137 occurs In the top 20 feet of the subsurface throughout the tank farm.
Contamination is deepest and mostly continuous from surface to total depth of logging around tank 103 In the
northeast corner of the tank farm and shallowest in the northwest comer of the tank farm around tank 112.
Contamination Is also deep around the 109, 108, and 107 tanks. Contamination commonly occurs from 40 to 80 feet
throughout the farn, often as deep as 100 feet at various locations. The top of contamination Identified in wells
within the BY Tank Farm Is shown In Figure 4, and the bottom of the contamination identified in these wells Is shown
in Figure 5. The range in depth of contamination varies according to localized areas of the tank farm. A significant
portion of the contamination appears in two zones separated by 10 to 30 feet. The top zone Is usually from surface
to 10 feet, with the top of the second zone starting at 20 to 40 feet and ending at 80 to 100. feet. The majority of
these split zones occur around the 103 tank and on all sides of the 107, 108, and 109 tanks and around the 111
tank. Occasionally, wells have contamination from surface to 40 or 60 feet These occur primarily at the east-end of
the tank farm.

Caution must be used when relating GTP values In zones recorded with different probe types since they were
designed to mad different Intensities of contamination. There are Isolated areas of high GTP throughout the tank
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farm, surrounded by areas of lower level contamination. Well 22-03-05 stands out as one with very high GTP over
several depth intervals. It has GTP values that range from 350 to 170,000 ft*c/s detected with the Green GM probe,
over a depth range from 0 to 85 feet. A series of wells located between the 112, 109, 108, and 105 tanks also have
high GTP values ranging from 10,000 to 200,000 ft*c/s with data collected using the NaI probe. Many of the high
readings taken with both the Green GM and the NaI probes were obtained even though the readings emeeded or
nearly exceeded-the upper detection threshold. The distribution of GTP values with depth range (in order of depth
range) and cwntrbuting sotope(s) Is shown in Table 8. Figure 6 shows the loation and GTP values for these wells.
Wells with contamination in excess of 10,000 ft*c/s are presented In Figure 7. These higher levels of contamination
occur primarily from the west side of the 109 tank to
the 103 tank.

the east side of the 108 lank and to the west and southeast of

Tablet BY Tank Farm _ __pe Depth Range
Zone Max. Year

Borehole OProbe Depth GTP Mmx Isotopes
Number Type feet ft*c/s GTP Identified
22-00-05 No data
22-03-05 1 0-5 300 1984 Cs
22-11-01 4 0-5 1,000 1975 CS
22-01-01 4 0-6 400 1985 CS
22-02-02 4 0-6 600 1975 Cs
22-07-10 4 0-6 1,500 1975 CS
22-01-07 4 0-6 6,200 1975 Cs
22-06-05 4 0-8 70 1975 Cs
22-03-07 4 0-8 100 1975 'Cs
22-03-08 4 0-8 200 1975
22-04-09 4 0-8 200 1984 C5
22-04-11 4 0-8 200 194 Cs
22-11-07 4 0-8 200 1984 CS
22-08-05 4 0-8 20 1975 Cs
22-03-10 4 0-8 30 1975 Cs
22-06-01 4 0-1 400 1984 Cs

22-08-07 4 0-8 500 1975 Cs
22-08-06 4 0-8 1,200 1975 Cs
22-11-09 4 0-8 8,000 1975 Cs
22-08-12 4 0-8 10,000 19891=Cs
22-07-09 4 0-9 2,500 1984 
22-01-03 4 0-10 400 1975 C
22-09-05 4 0-10 100 1975 Cs
22-11-08 4 0-10 100 1975 Cs
22-05-05 4 0-10 120 1975 1CS
22-OD-10 4 D-10 250 1975 "Cs
22-00-04 4 0-10 200 1975 CS
22-02-07 4 0-10 200 1986 Cs
22-03-01 4 0-10 200 -1966 "C&
22-06-11 4 0-10 200 1975 CS
22-02-05 4 G-10 300 1975 C
22-07-01 4 .0-10 3DO 975 Cs
22-02-09 4 10-10 400 Y96 TCs
22-02-01 4 10-10 Soo 1985 OCs
22-03-04 4 10-10 1 9001 19751wCs
22-I3-06 4 10-10 1 9001 19751T Cs

22-01-10 4 10-10 1 1,5001 19751wCsI
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22-09-11 4 0-10 1,500 19751-Cs

22-12-07 4 0-10 1,500 1984 S
22-09-02 4 0-10 2,000 1975 137Cs

22-11-05 4 0-10 3,000 1975 Cs
22-08-02 4. 0-10 20,000 1993 -Cs

22-10-09 4 0-10 20,000 1975 Cs

22-08-09 4 0-10 80,000 1984 Cs

22-05-01 4 0-10 130,000 1985 Cs

22-12-03 4 0-10 200,000 1980 wCS

22-03-09 4 0-11 2,000 1975
22-08-01 4 0-12 200,000 1989 CS

22-00-02 4 0-14 600 975 Cs

22-01-04 4 0-15 1,700 975 "Cs
22-12-05 4 0-20 1,000 1975 u7Cs

22-12-06 4 0-20 8,000 197S & Cs

22-11-01 4 5-10 900 1975"7 Cs

22-03-05 1 5-15 350 19801 Cs

22-07-10 4 6-12 2,000 1975 -'Cs

22-01-01 4 6-15 50 1975 CS

22-01-07 4 6-15 100 1975 Cs
22-02-02 4 6-18 300 1975'Cs
22-07-02 4 6-20 200 1975 Cs

22-08-06 4 8-18 50 0  197 5  Cs - -

22-03-10 4 8-30 170 19751CS
22-07-09 4 9-17 1,400 1975 E Cs

22-09-02 4 10-14 300 1975 wCs
22-02-01 4 10-20 200 i9s4 Cs

22-12-03 4 10-20 300 197 5 CS
22-04-11 4 10-25 200 1975 Cs

22-03-04 4 10-30 800 197 5 0 CS

22-03-09 4 11-24 2,600 1975 1 - R U
22-07-10 4 12-20 1,400 197 5 Cs

22-09-02 4 14-34 1,200 1975 Cs
22-01-10 4 15-25 500 19 75 -Cs

22-01-04 4 15-30 16,000 1975 'Cs
22-03-05 1 15-60 170,000 1980 Cs

22-09-11 4  16-2 S 300 1975 -Cs Sb

22-09-08 4 16-30 80,000 1985 Cs

22-07-09 4 17-36 50,000 1975 rCs
22-08-06 4 18-29 400 1975 CS

22-11-01 4 19-28 4,000 1984l'Cs

- 4 120-26 200 19751----
22-02-09 4 2-6 2017

22-03-06 4 20-28 2,300 1975 Cs
22-08-02 4 20-30 1,000 1975- b

22-07-10 4 20-30 1,600 1975

22-04-01 4 20-35 250 1975 RU

22-09-07 4 20-40 12,000 1975 -Ru

22-08-01 4 22-32 SOO 1976

22-03-09 4 24-52 29,000 1976
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22-11-09 4 24-34 450 1975 NCO I

22-09-01 4 24-35 250 1984 Ru
22-09-11 4 25-38 450 1975 R- -

22-08-12 4 25-40 300 1980 CU

22-01-10 4. 25-44 550 1975 Cs

22-04-11 4 25-SO 1,500 1975 Ru
22-02-09 4 26-34 450 1975 sb Ru

22-06-05 4 28-36 500 1975 'Co "Sb

22-07-10 4 30-44 1,400 1975 Cs
22-07-07 4 30-54 2,500 1975 -Cs 3Sb 1Ru

22-01-04 4 30-60 1,400 1975 "Eo JSb
22-08-01 4 32-42 2,400 1976 0Co 'SF
22-02-09 4 34-44 1,800 1975 Ru0

22-11-09 4 34-46 250 1975 Co .

22-04-01 4 35-45 150 1975 - - Ru
22-08-OS 4 3- 4 250 2975 c
22-03-06 4 37-48 13,000 1975 "Cs CO Sb
22-09-11 4 38-52 3,500 1975 R

22-09-07 4 40-50 9,000 1976
22-08-12 4 40-51 3,000 1975 CE mw
22-06-07 4 40-52 300 1975 Cs
22-07-01 4 40-52 800 1976 mCs
22-02-01 4 40-53 3,200 1975 Cs
22-01-07 4 40-55 200 1975 N --

22-09-01 4 40-55 2,200 1975 Ru
22-03-04 4 40-55 2,800 1975
22-07-05 4 40-57 3,800 1975
22-09-05 4 40-58 250 1 s Sb
22-03-08 4 40-60 1,300 1975 T - -Ru

22-00-01 4 40-65 250 1975 Cs
22-00-03 4 40-80 3,000 1975 Sb
22-06-01 4 42-52 200 1975 - Co
22-08-01 4 42-59 25,000 1975 Co Sb
22-09-02 4 42-64 500 1975 Ru

22-09-08 4 43-52 150 1981 .

22-02-09 4 44-52 2,500 1975 Cs 'Co

22-08-02 4 44-60 15,000 1975 Sb
22-08-05 4 45-53 700 1975
22-10-05 4 45-55 200 1975 C0D

22-00-02 4 45-56 1,300 1975 WE-
22-10-07 4 45-65 200 1983 - Co
22-07-02 4 42-95 2,800 1976
22-08-06 4 46-54 150 1975 WCs N --

22-03-07 4 47-62 1,300 1975 sb
22-03-06 4 48-60 2,400 1975 7 b Ru
22-00-04 4 48-70 500 1975 - Co 1 - - -

22-09-07 4 50-64 2,700 1976 Sb Ru
22-08-12 4 51-60 3,000 1975
22-06-01 4 52-65 600 1975 Ru
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22-07-01 4 52-70 3,500 1975 OCo
22-06-07 4 52-80 1100 1979 Co

22-08-05 4 53-56 1,000 1975 "Co

22-08-06 4 54-63 200 1975 CT
22-02-09 4. 55-65 100 1975 C- -

22-05-09 4 55-90 1,000 1975 CT
22-02-01 4 55-75 200 1975
22-10-05 4 55-75 300 1979 "Co
22-03-04 4 55-85 900 1975
22-00-02 4 56-64 1,2DO 1975
22-11-08 4 56-66 120 1975
22-07-05 4 57-65 1,200 1982 '0 o
22-10-10 4 58-76 1,500 1975 CT
22-08-01 4 59-82 12,000 1975 NCO 5wb
22-08-12 4 60-70 1,000 1976 WCo
22-03-05 1 60-85 1,700 1980 s

22-03-06 4 60-94 4,300 1975 "Co 'Sb 7 R-u
22-08-02 4 62-72 10,000 1976 MEF ' -

22-07-09 4 62-74 2,200 1976 Cs
22-03-07 4 62-90 1,100 1975 Rt

22-08-06 4 63-73 900 1975 -

22--- 4 63-74 9001 1975 -Co
22-06-05 4 64-84 3,700 1984 Co
22-00-02 4 64-96 1,800 1975
22-07-05 4 65-78 900 1986
22-08-12 4  70-82 SOO 1980
22-00-01 4 70-84 70 1975 Cs
22-00-04 4 70-85 1,000 1975 Rc

22-06-09 4 70-90 650 1975 Ru

22-07-01 4 70-92 3,O0D 1975
22-08-09 4 72-84 150 1975 OCSR

22-08-02 4 72-84 4,000 1985 "Co
22-08-06 4 73-83 450 1975 C --
22-08-05 4 7484 200 1991 Cc
22-07-09 4 74-84 1,200 1982 Cc
22-04-09 4 75-95 1,800 1980 "Co
22-09-08 4 76-90 100 1985 Co
22-03-09 4 78-82 16,000 1976
22-03-09 4 48-95 1,000 1979 C - - -
22-02-01 4 80-96 550 1975 EO Rlu
22-03-08 4 80-98 100 1975 'Co
22-07-07 4  80-9 8  1,800  1976  i 'CmiE
22-00-03 4 80-117 12,000 1975 - o
22-08-01 4 82-95 450 1987 Co Sb
22-07-09 4 84-94 1,000 1985
22-00-01 4 8+100 70 975 Cs
22-08-02 4 8+100 3,000 1975
22-07-05 4 90-100 500 1975 Cs
22-0411 4 90-100 1,000 1975 C-
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22-07-09 4 94-100 900 1986 "CO

22-03-06 4 9+100 1,000 1971 Sb
22-04-09 4 105-120 500 1984 "Co

22-00-03 4 117-128 1,800 1975
22-00-03 4. 128-140 1,10197T
"Probe type: 1- Green GM, moderately sensitive; reads moderate levels of gamma ray activity.

4 - NaI, most sensitive, reads lowest level of gamma ray activity.
Caution must be used when relating GTP values In zones recorded with differet probe types.

Curretly, isotopes cannot be Identified from gross gamma ray data alone; therefore, Isotopes with a rapid rate of decay, such as
Ru-i06, or at low enough levels to decay below detection limits, may not be Identified If the peuiod of Instability Is prior to the
collection of SGLS data.

3.3 Isotopes Identiffed:

Seven man-made isotopes are known or hypothesized to be present in the BY Tank Farm at or above the detection
limit for the gross gamma ray logging equipment. They are listed in Table 7 along with their half-life. Ceskum-137
and Co-60 are the most common Isotopes found In the BY Tank Farm and occur throughout the farm at varying
depths and Intensities. The Cs-173 occurs primarily In the top 20 feet of the subsurface usually by Itself, and Co-60
occurs from 20 to 140 feet, often by Itself but commonly with other isotopes. It is found deeper than 100 feet in
only two wells: 22-00-03 and 22-04-09. Antimony-125 occurs between 16 and 140 feet and is localzed primarily at
the southeast side of the 103 tank and the southeast and north regions of the 109 tank. Antmony-125 Is Identified
in only sIx wells; the rest of the occurrences are hypothesized. Only In well 22-00-03 Is Sb-125 hypothesized to occur
deeper than 100 feet Uranum-235/8 appears only once at 56 to 66 feet in well number 22-11-08. Europium-154
appears only once at 0 to 11 feet In well number 22-03-09. Ruthenium-106 Is hypothesized to have been present in
a number of wells, mostly around the 109 and 103 tanks with some occurrences in the southeast end of the tank
farm. The half-life of Ru-106 Is short (1.02 years) and Ru-106 Is no longer detectable In the wells by the HPGe
detector. However, It was an Inventoried Isotope and the decay line calculated for Ru-106 matches well with the GTP
calculations in most wells. The distribution and depth to top of the isotopes that occur In the BY Tank Farm are
shown in Figure 4.

3.4 Timefrme:

The time range over which data were evaluated is limited from when gross gamma ray digital data were first
captured In 1975 to the last digital data-collecting event In 1994. Three general conditions are observed concerning
the life cycle of contamination events with respect to the timeframe In which digital data are available for analysis.
Within this timeframe, the data appear to represent:

* The middle or end of a period (Initiated prior to inception of digital data collection) where subsurface conditions
were unstable and the beginning of apparent stability.

* Stable subsurface conditions at the beginning of data collection, whereby an unstable condition develops
(Indicated by a rate of change that Is inconsistent with the decay rate of known Isotopes in the well), followed by
apparent stability.

* Stable subsurface conditions at the beginning of data collection, whereby an unstable condition develops
(Indicated by a rate of change that Is Inconsistent with the decay rate of known isotopes In the well) that does
not become stable within the timeframe of data collection.

There is Insufficient information available to determine If contamination at depth may be the result of well Installation
activities.

Usually, the maximum GfP calculated for the gross gamma ray data seems to coincide with the start of digital data
collection. The exceptions are listed In Table 9.
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Table 9. BY Tank Farm Zanmwi Highest SIP After Start of Date Collection
Total Subsurface Zone Max. Year

Borehole Depth Condition Depth GTP Max. Isotopes
Number fee Category feet ft*c/s GTP Identified

22-01-01' I0 TF Activity 0-6 400 1985
22-02-01 100 TF Activity 0-10 800 1985 MCs

TF Activity 10-20 200 1984 'Cs
22-02-07 150 TF Activity 0-10 200 1986 MCs
22-02-09 100 Activity 0-10 400 1986 "Cs
22-03-01 95 Activity 0-10 200 1986 WC

22-03-05 100 Undetermined 0-5 300 1984 Cs
22-03-09 100 Unstable early 2+52 29,000 1976 ; ; Ru

Unstable 48-95 16,000 1976 wCo; 'Ob
22-0409 100-125 TF Activity 0-8 200 1984 CS

Unstable early 75-95 1,800 1980 V

Stable 105-120 500 1984
22-04-11 100 TF Activity 0-8 200 1984 Cs
22-05-01 100 TF Activity 0-10 130,000 1985 'Cs
22-06-01 100 TF Activity 0-8 400 1984 n'Cs

22-06-07 140 TF Activity 0-8 200 1984 MCs
Unstable early 52-80 1,100 1979

22-07-01 100 Unstable early 40-52 800 1976 Cs
22-07-02 100 Unstable 42-95 2,800 1976 "Co
22-07-07 100 Unstable 80-98 1,800 1976
22-07-09 100 TF Activity 0-9 2,500 1984 WCs
22-08-01 100 TF Activity 0-12 200,000 1989 WC

Stable 22-32 500 1976 ;

Stable 32-42 2,400 1976 "C; 'Sb
22-08-02 100 TF Activity 0-10 20,000 1993 Cs
22-08-09 100 IF Activity 0-10 80,000 1984 'Cs
22-08-12 105 TF Activity 0-8 10,000 1989 CS

Unstable early 25-40 300 1980 WCs
Unstable early 60-82 1,000 1976 "Co

22-09-02 100 TF Activity 0-10 2,000 1984 WCs

22-09-07 97 Unstable early 40-50 9,000 1976 '"Ru
Unstable early 50-64 2,700 1976 Sb; 'Ru

22-09-08 98 Undetermined 16-30 80,000 1985
Stable 43-52 150 1981 l
Undetermined 76-90 100 1985 WCo

22-10-05 100 Unstable early 55-75 300 1979 OCo

22-10-07 100 Unstable early 45-65 200 1983
22-11-01 100 Unstable 19-28 4,000 1984 'Cs
22-12-03 100 ITF ActivIty 0-10 200,000 1980 Cs
22-12-07 100 IF Activity 0-10 1,500 1984 Cs

urrently, Isotopes cannot be identified from gross gamma ray ua alone;
Ru-iC, or at low enough levels to decay below detection limits, may not
collection of SGLS data.

therefore, isou
be Identified If

pes with a rapid rate of decay, such as
the period of Instability Is prior to the
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3.5 Unsimble Zones:

Periods of Instability are generally complex and occur throughout the Umeframe over which digital data were
collected. For many unstable zones, data collection started In 1975 while conditions in the zone were still unstable.
See Table 10 for a list of wells that had unstable zones of contamination and details of the instability. Well 22-11-01
represents an unusual ccurrence where Cs-137 appears stable In the zone from 19 to 28 feet until 1982, and
becomes unstable after 1982. Ceslum-137 appears as stable In other wells In the BY Tank Farm.
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Table 10. BY Tank Farm Unstable Zone Paranteters

Total Subsurface Zone Interval
Borehole Depth Condition Depth of Isotopes
Number feet Category feet Instability Identified **Comment

22-00-02 100 Unstable 64-96 1979-1994 C"Cs decay curve fits, but was not used as "Cs was not Id'd by the SGLS
22-0-03 145 Unstable early 80-117 1975-1976 E;
22-03-09 100 Unstable early 24-52 1975-1977 'CD; -Sb; -'Ru Inc. 1975-1976; decr. 1976-1977

Unstable early 44-52 1975-1984 'RU Incr. 1975-1980; sharp Incr. 1980-mId 1982
Unstable 78-92 1975-1985 uoE; *9b Inc. 1975-1979; decr. 1979-1985
Unstable 48-95 1975-1990 mu Incr. 1975-1976; stable 1976-1978; unstable decr. 1978-1990; stable 1990-199422-04-09 100-125 Unstable early 75-95 197+1984 WO Incr. 1979-1980; decr. 1980-0982; decr. 1982-1984

22-05-09 100 Unstable 55-90 1975-1985 "Co Dec.
22-06-05 100 Unstable 36-50 1978-1981 O; ' b Dea-.

Unstable 62-84 1986-mid1991 FC Dec.
Unstable 28-84 1975-mid1975 wCo; sSb Inc.
Unstable 40-84 1979-1994 Decr. mid 1975-1976; decr. 1979-1994

22-06-07 140 Unstable early 40-52 1975-m1d1982 "Cs Decr.
Unstable early 52-64 1975-1985 ato Inc. 1975-1977; dec-. 1977-mld1977; incr. mid1977-1979; decr. 1979-1985
Unstable early 6+80 1975-1984 C Incr. 1975-1981; decr. 1981-1984
Unstable early 52-80 1975-mid1979 "Co Incr. 1975-1977; decr. 1977-mld1977; Incr. mrd1977-1979

22-06-09 100 Unstable early 70-90 1976-1976 "- Ru Incr. 1975-mld1975; decr. mld97S-1976
22-07-01 100 Unstable early 40-52 1975-1981 'Cs Inc. 1975-1976; deCr. 1976-1981
2247-02 100 Unstable early 42-53 1975-1994 "C Incr. 197-mld1975; decr. mid1975-1984; dec. 1981-1994

Unstable early 53-70 1975-1994 -C- Incr. 1975-1979; rapd Inc. 1979-early 1979; decr. early 1979-1981; decr. 1981-1994
Unstable early 70-82 1980-midl9B7 "Co Incr. 1980-1981; decr. 1981-1987
Unstable early 82-95 1975-1987 "Co Decr. 1975-1980; Incr. 1982-m1d1983; decr. midl983-1987

22-07-OS 100 Unstable early 40-57 1975-1994 CT Incr. 1975-mld1975; decr. mld1975-mIdl978; Incr. mld1978-1979; dec-. 1979-1985
Unstable early 57-65 mld1978-mld1986 4CO Incr. mrd1978-mld1983; decr. mid1983-mid1986
Unstable early 65-78 1981-mid1987 "Co Incr.

22-07-07 100 Unstable early 30-54 1980-1994 "Cs; -mSb; emRu Step decr. 1980-1981; flat near 0 to 1994
Unstable 80-98 1975-1985 mE7 fl Inc. 1975-1976; decr. 1976-1981; Incr. 1981-mIdl981; decr. md1981-1985

22-07-09 100 Unstable 62-74 1975-1986 "Cs Inc. 1975-mld1976; dem. m1976-1986
Unstable 74-84 1975-mld1988 C Incr. 1975-1979; decr. 1979-md1980; Incr. mId1980-1982; decr. 1982-mid1988
Unstable 84-94 1982-1989 &C1 Inc. 1982-1986; decr. md981-1985; decr. 1985-1994
Unstable 94-100 1981-1990 ICO Incr. 1981-mId198l; decr. mld1981-md1982; Incr. 1984-mnd1986; decr. mldl98e-1990

22-08-01 100 Unstable 59-95 1975-1986 __ - Sb Decr.
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22-08-02 100 Unstable 44-62 1975-1994 "Co; -- Sb Dear. 1975-1982 flat near 0 1982-1994

Unstable 62-72 1975-1994 - Incr. 1975-1977; decr. 1977-1994
Unstable 72-84 1975-1994 'Wb Decr. 1975-1981; Inc. 1981-1985; dec. 1985-1994
Unstable 84-100 1975-1994 . mi Decr. 1975-1988; Incr. 1988-1991; decr. 1991-1994

22-08-05 100 Unstable early 63-74 1975-1986 " Decr.
Unstable early 74-84 mId1984-1990 "CO Incr.

22-08-06 100 Unstable early 73-83 1975-1977 "CO Rat
22-08-09 100 Unstable early 72-84 1975-1976 'Cs; -Ru Inc-.
22-08-12 105 Unstable early 25-40 1975-1994 WCs Inc-. 1975-mId1976; decr. mid1976-1978; incr. 1978-mld1980; decr. mid1980-1983; flat near 0 1983-1994

Unstable early 40-51 1975-1989 "1o b Decr.
Unstable early 51-60 1975-1983 TCE Decr. 1975-1979; Incr. 1979-mid1983
Unstable early 60-70 1975-1987 "Co Decr.
Unstable early 70-82 1975-1983 e Incr.

22-09-07 100 Unstable early 20-40 mId1978-1982 "Ru Decr.
Unstable early 40-50 1975-1984 -Ru Incr. 1975-1976; decr. 1980-1984
Unstable early 50-64 1980-1990 "'~; -Ru Decr.

22-09-11 100 Unstable early 38-52 1975-1976 M~u Decr.
22-10-05 100 Unstable early 55-75 1975-1979 "CO Incr.
22-10-07 100 Unstable early 45-65 1980-1994 "Cc Incr. 1980-1983; decr. 1983-1985; flat near 0 1985-1994
22-10-10 100 Unstable early 58-76 1975-1980 EC Decr.
22-11-01 100 Unstable 19-28 1982-1994 MCs Incr. 1982-1984; decr. 1984-1994
22-11-09 100 Unstable early 34-46 1975-mId1978 "Co Fat
*Currently, Isotopes cannot be Identified from gross gamma ray data alone; therefore, Isotopes with a rapid rate of decay, such as Ru-106, or at low enough levels to decay belowdetection lmits, may not be Identified If the perlod of Instability Is pror to the collection of SGLS data.

**Unless otherwise noted, the GTP plot decreases consistent with the decay curve of known Isotopes.
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5.0 Suumary

A summary of the radionuclides present in the vadose zone of BY Tank Fan has been presented in this report. By
integrating SGLS data with historical dry well surveillance data, knowledge is gained concerning the behavior of
radionuclides hi the vadose zone over time. The SGLS data allow a rigorous conclusion about the identity, character,
and decay bends of isotopes present In a contaminated zone identified within the twenty-year period that the dry
well data were collected.

Five subsurface conditions were dismrned during the analysis of the historical dry well data: dean, stable,
unstable/unstable early, tank farm activity, and undetermined. This classification reflects the conditions In which
contamination Is present (or not present) within the timeframe gross ganma ray data were collected electronically,
but says nothing about the conditions within the subsurface today. However, an assumption that the trend of the
data might continue unaltered seems reasonable, barring any event that changes the hydrogeologic or gediemical
conditions in the subsurface. On the basis of the data available at the time and within the scope of this report, a
statement cannot be made as to whether any of the isotopes present In the subsurface of the BY Tank Farm can be
remobilized.

Three of the dean wells occur in the northwest comer of the tank farm, and two are south of the 104 tank. One
third of the contaminated zones appear to exist under a stable condition. Within the timeframe that digital data are
available, most of the zones that exhibit an unstable condition early on are currently stable and occur primarily in the
west half of the tank farm and around the 103 and 106 tanks. Six wells currently exhibit unstable conditions.
Additional wells may be exhibiting unstable conditions, but the contamination levels are too low to make a rigorous
determination. There were only six (three around.the 103 tank) zones spread throughout the tank farm where the
subsurface condition is undetermined. More than half of the wells have indications of tank farm activity at the
surface and occur throughout the tank farm.

The most common isotopes present throughout the subsurface of the BY Tank Farm me Cs-137 and Co-60. Ceskim-
137 occurs in the top 20 feet of the subsurface throughout the tank farm in all but ten of the contaminated wells.
Cobalt-60 occurs through out the tank farm below 20 feet, primarily around tanks 101, 103, 107, 108, and 109, as
well as to the west of tanks 110 and 111. Anitmony-125 occurs below 15 feet and is located primarily around the
109 tank and the southeast region of the 103 tank. It is often hypothesized to have been present since, by the time
of the SGLS analysis, levels decayed to below the detection threshold. In a few Instances, Sb-125 was not Identified
by the SGLS, yet the levels of radioactivity in four zones In four wells prior to the SGLS analysis suggest that there
was sufficient Sb-125 present to have been identified by SG1S, given stable conditions. These zones are: 48 to 70
feet In well 22-00-04, 34 to 44 feet in well 22-02-09, 42 to 59 feet in well 22-08-01, and 40 to 51 feet In well 22-08-
12. Further analysis of these zones may be warranted. Uranlum-235/8 is Identified only in well 22-11-08 from 56 to
66 feet Europium-154 is identifled only in well 22-03-09 from 0 to 11 feet. Ruthenlum-106 is hypothesized to have
existed in the subsurface, although it is no longer at detectable levels, primarily around the 103 and 109 tanks from
11 to 96 feet.

Two areas of the tank farm have wells with contamination at greater than 10,000 ft*c/s GTP. They are from the east
of the 109 tank to the west of the 108 tank and southeast of the 103 tank. The contanination occurs primarily in
two zones, surface (0 to 10 feet), and between 20 and 40 feet to between 80 and 100 feet except In well 22-03-05
where the contamination is fairly consistent from the surface to 85 feet. Well 22-03-05 has high level contamination,
but It Is currently stable. The wells containing high levels of contamination in these areas of the tank farm are
surrounded by wells with significantly lower levels of contamination or no contamination at all and may indicate
proximity to point sources. These wells with high levels of contamination typically have very high levels of Cs-137
and are many times surrounded by wells with different Isotopes. It may be possible that the presence of other
isotopes is masked by the strong presence of Cs-137.

Nine wells have unstable conditions at the end of data collection In 1994. Of these, the contamination in six wells is
less than 100 ft*r/s. Well 22-08-02 is curently unstable from 44 to 100 feet and has contamination levels just under
4,000 ft*c/s. Well 22-03-09 Is currently unstable with contamination less than 500 ft*c/s that has passed through
the bottom of the well in 1993 and appears to continue moving down at an estimated rate of 2 feet per year.

Isotopes appear to move through the vadose at different rates depending on subsurface conditions. In general and
given similar conditions, of the Isotopes found or hypothesized to be present in the BY Tank Farm, Cs-137 usually
moves downward the least and U-235/8 usually moves the deepest, with mobility of the other Isotopes falling
somewhere In between. Cs-137 occurs throughout the subsurface of the tank farm, both by itself and with other
Isotopes. It occurs primarily by itself in the top 20 feet of 53 wells. This may indicate a high retention factor related
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to Cs-137 and soil Interaction. U-235/8 occurs at a fairly shallow depth In only one well in the BY Tank Farm. The
other Isotopes identified through SGLS analysis, and those hypothesized and supported by tank Inventories, occur
throughout the tank farm from 20 to 140 feet. It is not known If ontamination exists deeper than the bottom of any
given well although it is suspected In wells 22-03-09, 22-07-02, 22-07-09, and 22-08-02. Several anomalies present
in the data seem to stand out:

* In wells 22-00-01, 22-03-05, 22-07-05, and 22-07-09, Cs-137 exists deep in the wells (as deep or deeper than
CO-60) with little or no Cs-137 remaining in the upper portions of the borehole.

* In well 22-00-02, Cs-137 is not identified with the SGLS analysis In the zone from 64 to 96 fet. Even though
the decay rate for Cs-137 fits the GTP plot, Cs-137 Is not listed as existing in this zone.

* In well 22-00-10, Cs-137 was identified at 8 pCVg during SGLS analysis and should appear in the gross gamma
ray logs at 46 feet, but doesnt

* Occasionally, Cs-137 and Co-60 are viewable in the gross gamma ray data and not In the SGLS data.

* Ru-106 is very mobile according to the current understanding of chemistry, and should therefore be found
deeper and more laterally extensive than is indicated in the BY Tank Farm.

* In the GTP plot for the surface contamination in the majority of wells is what appears. to be a data spike
occuning In or near 1985 (Figure 8). The GTP values range from approximately 300 ft*c/s to 9000 ft*c/s with
the highest values occurring to the southwest of the 101 and 112 tanks. These spikes In the data are noticeably
absent from wells near the center of the tank farm and to the southwest around the 110 tank. In well 22-11-01,
the spike appears in GYP In two additional plots below the surface to 29 feet. In several wells, more than one
spike appears In the GTP plot of the surface correlating with different timeframes.

Limits in the data available for examination make evaluation of the data incomplete and as such, the apparent
anomalies are unable to be explained. Information as to how or whether geology and/or geochemisby effect the
direction and extent of isotope migration in the subsurface is not considered in this report
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Errata:

At the tine of publication, the following errons were noted in the enclosed figures:

Figure 2:
Missing scale; map-is at same scale as the other maps

Figure 6:
22-00-04 has Ru-106 48-85'
22-02-01 has Co-60 40-96'
22-03-07 has Ru-106 47-90'

Figure 7:
Sub-title should read all readings obtained with NaI probe except where noted.
22-03-05 should read Green GM probe 0-5'300; 5-15'350; 15-60'170K, 60-85'1.7K
22-08-01 should read 59-82' 12K

Figure 8:
22-00-10 should read 1985 (400)
22-03-08 should read 1985 (1200); 1987 (1500); 1993 (1400)
22-12-05 should read 1984-85 (3500-3800)
22-12-09 should not have anything
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Radionuclide Half Life Decay

1000 - U235/238 (4.55e9 yrs)

Cs-137 (30.17 yrs)
800 -

a)

600 -

a)

-> Eu- 154 (8.50 yrs)
CO
o 400 -

200 - Co-60 (5.

Sb-125 (2.77 yrs)
Ru-106 (1.02 yrs)

0 -
0 5 10 15 20

Year
Figure 3. Isotope Half-life Decay Curves
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CRadio-Isotopes

Radio-Isotopes
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HNF-3532 -REVO

Borehole 22-00-01

Contamination (Cs-137) from 40-65 feet appears Stable
Contamination (Cs- 137) from 70-84 feet appears Stable

Contamination (Cs- 137) from 84-100 feet appears Stable

Grade thickness product from 40 to 65, 70 to 84, and 84 to 100 feet is decreasing
consistent with Cs-137 (HPGe identified) from 1975 to 1993. Note that the grade

thickness product is at low levels for these intervals.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types : 03: Neutron
Borehole Depth: 140 ft

Survey Depth: 140 ft
First Survey Date : 1/16/1975
Last Survey Date: 10/7/1993
Number Surveys: 340

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 40-65, 70-84, & 84-100 Stable
in Gross Gamma Surveys:

Analyst Name : R.R. Randall
Company Name: Three Rivers Scientific
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HNF:3532 -REVO

Borehole 22-00-02

Contamination (Cs-137) from 0-14 feet is Stable
Contamination (Sb-125) from 45-56 feet is Undetermined

Contamination (Sb-125 & Ru-106) from 56-64 feet is Stable
Contamination (Co-60) from 64-96 feet is UNSTABLE

Grade thickness product from 0 to 14 feet is decreasing consistent with Cs-137 (HPGe
identified) from 1975 to 1993.

Grade thickness product from 45 to 56 feet is not decreasing consistent with Sb-125 (HPGe
identified), but the deviation cannot be precisely fit to known radionuclide decay rates. Thus the
classification is undetermined. Special note, there may be a possibility of downward migration,

but well below detection.

Grade thickness product from 56 to 64 feet is decreasing consistent with a least squares fit for
Sb- 125 (HPGe identified) and Ru- 106 (hypothesis) from 1975 to 1993. The least squares fit

results in gross gamma contribution ratio of Sb-125 to Ru-106 of 0.72 as of Jan 1975.

Grade thickness product from 64 to 96 feet is not decreasing consistent with Co-60 (HPGe
identified). A slower decay rate such as Cs-137 makes an excellent least squares fit, however,

there is no indication of Cs-137 and cannot be justified. Downward movement is present at low
levels indicated by the stack plot, but the grade thickness product was computed over the entire

depth interval in order to conserve downward spreading.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/16/1975
Last Survey Date: 6/17/1993
Number Surveys: 206

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <=0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-14 & 56-64 Stable, 45-56 Undetermined
in Gross Gamma Surveys: 64-96 UNSTABLE

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

00 043



ttt) 00

Depth (feet)
5 S 5 5 8 8 o o

C
C)
U1wa.

Average
Background (c/s)
- P N8

-4

-4-

-a

Frequency
Clean (M

" &8 888

-4-

-4-

-0-

Co
-4a, 0 00 00 0

00

0a

0

c0 
0

0

00
0

0 

0

00,
0 

0
0

0 PO

0 0

0

07

00

00

C)

0

Grade Thickness Product (feet*c/s)

500 1000 1500 2000 25000

Depth (feet)
g 5 8 0 0

GABH- ?~s -.3N4

w

I.

I

0

-4-
-4-

-4-
-4-
-4-

0

S

0:

0)

CAi

30)00

0
0

6I
0

0

I
a

I

-o



SF0V 00
Depth (feet)

S 0 0 0 o8 a -
C

L
a'

Average
Background (cls)
:, o 8 8 8

-4-

-0-

to

Frequency
Clean (%L

o -8o

Si

Grade Thickness Product (feet*cls)

0 200 400 600 800 1000 1200 1400

(Sn

Depth (feet)
5.4 - - 55 N ) -

OAJH- ?CS A;NH

I AA
0

03

NA

(0

0)
::4
cI.

C
0
(pa

0 0
00

00

0~ 0

00
00

07

goSMD
SI.
SW
-4

aI
I

U,
0
-I
CD
7
0
F
N)
N)
I
C
0
I
0
"3

0
0

C0

0
N)'-
S

-4
iB



twu o

Depth (feet)

8 a a a o

Average
Background (c/s)
00 8 88 8

Clean (%).

j2 888 CA

Ca)

a)

0

a
Co
CD
ci

C 0

0

03

mo

0

0

CAl

Grade Thickness Product (feet*cls)

0 200 400 600 800 1000 1200 1400

0
0 0

0 
0

0 ,
0

0

rQ

060 0

C M

Depth (feet)

8 S A 8 a0

OAJU- ?ZCV-3Nf

AkFrequency
.1

r
-9-

-9-
-9-

G)

I

I

w0
0

0



LVO 00

Depth (feet)
8 8Depth (feet

C

0
U1w
%g

Frequency Average
Clean (%L Background (c/s)
o8888o " 8 FS

-4-

Grade Thickness Product (feet*c/s)

Co
-4
01

0

0

C)

500 1000 1500 2000 2500 30

Depth (feet)
o 0 0 0 0 0

OA3H-?V-N

-.8

e 0
o
.0

CD

CA

0
9)

0

8

00

0
0

0

0
0
K)

0 0 0
0

0 00 00
0

0

0 0 0

0

0

00

0 C

00 0

00

o C
0 0

00V

E77

0 0

000

0

0

I
a.

-I

0r
I

0

... .

___ 0



'C

0-.

10.

20-

30

~40

50-a

~60

70

80-

90-

100-

C
Borehole 22-00-02

~1

1985
Date (Year)

(

1975 1980 1990 1995



HNF-3532 -REVO
Borehole 22-00-03

Contamination (Co-60 & Sb-125) from 40-80 feet is Stable
Contamination (Co-60) from 80-117 feet is UNSTABLE Early

Contamination (Cs-60) from 117-128 feet is Stable
Contamination (Co-60 & Sb-125) from 128-140 feet is Stable

Grade thickness product from 40 to 80 feet is decreasing consistent with
Co-60 & Sb-125 (both HPGe identified) from 1975 to 1993. The least squares fit results in gross

gamma contribution ratio of Sb-125 to Co-60 of 0.11 as of June 1993.

Grade thickness product from 80 to 117 feet is decreasing consistent with Co-60 (HPGe identified)
from 1976 to 1993. However, from 1975 to 1976 there is a rapid decrease in the grade thickness

product in excess of Co-60 decay.

Grade thickness product from 117 to 128 feet is decreasing consistent with Co-60 (HPGe
identified) from 1975 to 1993.

Grade thickness product from 128 to 140 feet is decreasing consistent with
Co-60 (HPGe identified) & Sb-125 (hypothesis) from 1975 to 1993. The least squares fit results

in gross gamma contribution ratio of Sb-125 to Co-60 of 0.22 as of June 1993.

Special note, Cs-137 is also HPGe identified, but not at high enough levels to register with gross
gamma for both intervals at 40-80 & 80-117 feet.

Gross Gamma Survey Information
Probe Type : 04: Nal

Other Probe Types : 03: Neutron
Borehole Depth: 145 ft

SurveyDepth: 145ft
First Survey Date: 1/16/1975
Last Survey Date: 6/17/1993
Number Surveys: 208

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified in 40-80, 117-128, & 128-140 Stable
Gross Gamma Surveys: 80-117 UNSTABLE EARLY

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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Borehole 22-00-04

Contamination (Cs- 137) from 0-10 feet is Tank Farm Activities
Contamination (Co-60 & Sb-125) from 48-70 feet is Stable
Contamination (Co-60 & Ru-106) from 70-85 feet is Stable

Grade thickness product from 0 to 10 feet is changing erratically indicative of tank farm
activities such as changes in transfer lines.

Grade thickness product from 48 to 70 feet is decreasing consistent with
Co-60 (HPGe identified) & Sb-125 (hypothesis) from 1975 to 1993. The least squares fit

results in gross gamma contribution ratio of Sb-125 to Co-60 of 3.52 as of June 1993.
Grade thickness product from 70 to 85 feet is decreasing consistent with

Co-60 (HPGe identified) & Ru-106 (hypothesis) from 1975 to 1993. The least squares fit
results in gross gamma contribution ratio of Ru-106 to Co-60 of 3.00 as of Jan 1975.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/16/1975
Last Survey Date: 6/17/1993
Number Surveys: 210

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-10, 48-70, & 70-85 Stable
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name : Three Rivers Scientific

00 055
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Borehole 22-00-10

Contamination (Cs- 137) from 0-10 feet is Tank Farm Activities

Grade thickness product from 0 to 10 feet is changing erratically indicative of tank farm
activities such as changes in transfer lines.

Cs-137 was identified with HPGe detection at 46 feet to levels of 8 pCi/g, which would
normally show on the gross gamma log data, but does not, refer to stack plot.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 03: Neutron
Borehole Depth: 120 ft

Survey Depth : 120 ft
First Survey Date: 1/9/1975
Last Survey Date: 10/4/1993
Number Surveys : 385

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-10 Tank Farm Activity
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name : Three Rivers Scientific

00 fl(t
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HNFn3532 -REVO

Dry Well Survey Analysis - Notes

Borehole - - /

Log Date: H'K7Y I"

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Total # Surveys 2 /0
# neutron surveys =

J5)- W 9 Last

GAPS.Txt

Probe Type D'
# GR Surveys 2 2'2
Presentation Plot Dates

(Ifdiffenn thm I'& Lso

Max Survey Depth / 2i2

Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment j tC P

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg Bkg Comment

Analysis Notes
CL 4w=z-7are , e5-

Analyst Name S/W ver f. 2t

00,063
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Dry Well Survey Analysis - Notes

Borehole 22 '?&'' 2

Log Date: I- . L st
Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Total # Surveys // /
# neutron surveys J
1-//? - Last

Probe Type 0 1/
# OR Surveys 20.
Presentation Plot Dates

(if difl lw nc u 'f i&

Max Survey Depth

GAPS.Txt
Survey Date I num. Gaps I num. Samples Comment

HI-ZONES.Txt
Survey Date keason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq Clean Avu Bk I Comment

Analysis Notes

-Z X

00%r

Analyst Name S/W ver . ~ -

00 064

A-r -- a 7



HNF-3532

mein:= "two45-56.txt"

A:= READPRN(filein)

N :- last(yr)

Tco := 5.27

Csi := acs-(

gross := net1

2000

1500|

gross
0

tot.i
1000

500

0
74

Well 21-00-02

yr A '

N = 194

Tcs:= 2.77

net:= A<7>

i:- 0.. N

aco:= 00

-(yr 75) X )
Coj := aco-e

bkg:= A<6>

k :- 0.. 300

acs i= 1415

Eu.

max:= A4>

j := 0.. 299

(rj- 75).2
aeu-e 1

Teu:= 5.27

Eu variables are Co-60
aeu:= -38

tot := Cs + Eu

Cs variables are Sb-125
This data edited for spurious points

76 78 80 82
yr.

84 86 88 90

_.1. (,r-75)-
ssq(al,a3):- 7 gross - le

ssq(acs,aeu)=0

y 75) 2
+ a3 -e- (Yi-

1=1

[acs1I= Minerr(acs, aeu)
aeu acs = 1.425-10

Sb-125
aeu =-46.978
Co-80

- (yr-- 75) .S 3
aeu-e "

WRITEPRN("twop.txt") := out I

Unreasonable fit

Two comp decay45-56.mtd

-REVO

go

-0

Given

Cs
-yr - 75)

:=acs-c "

out > := yr out" := tot

acs
-= -30.338

aeu

EuN
= -0.162

CSN

8/28/98

00 065

Page 1

tot% := Csi + Eui



filein = "two56-64.txt"

A:= READPRN(filein)

N :- last(yr)

'rco := 5.27

Cs := acs-i

gross = net

1500

1000

gross1
tot.

500

HNF-3532 -REVO
Well 21-00-02

yr A

N = 198

Tcs := 2.77

net:= A7

i;: 0.. N

aco:= 0

Co.:= aco-e

bkg := A< 6 >

k :- 0.. 300

acs:= 534

Eu =

max:= A4>

j ;= 0.. 299
Zeu 1

Eu variables are
Ru-lOB aeu:=744

- -75)X
aeu-e * -1

This data edited for spurious points

to := Cs + Eu
Cs variables are SAb-125

74 76 78 so 82 84 86 88 90 92 94
yr.

ssq(al,a3) :-
(y-75)n(2)

>zgrossI -jae "

ssq(acs,aeu)mO

acs
Minerr(acs,aeu)

ccci j

+ a3.-yr)-75 
n(

2]]
+ 3e wu

101

acs=534

Sb-125

- (rj - 75) X2
Eu. := aeu-e m

to; := Csi + Eu.

out> := yr outl> := tot
Two comp decay56-64.mcd

WRITEPRN("twop56-64.txt"):= out

8/28/98

EuN -
a= 

3.915-10
Page 1

00 OC;q.

-

0

a

Given

Cs,
- (yr- 75)--W2)

a= ns-e ms

aeu =744
Ru-1 06

acs
- = 0.718
aeu

-(yrg-75) W2)
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HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole

Log Date:) - 1"

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Total # Surveys 90 'Y
# neutron surveys 4

Last

Probe Type 0+
# GR Surveys ;A C
Presentation Plot Dates

(7idiremnc hm 1'& Last)

Max Survey Depth 12ZE

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samplea Comment

BackGnd.Txt
Suvey Date 'Reason Selected num. Samples Feq.Clean I Avg.Bkg Comment

Analysis Notes

*7-/0 I); I

Analyst Name t z~ xc S/W ver tAikl41 2,12-

00 (CS
T14r V / 7' j -

er.raw-4
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HNFn3 5 3 2

filein:= "two4O-80.txt" Well 21-00-03

A:= READPRN(filein)

N:- last(yr)

rco:= 5,27

- (yr
Cs = aes-e

grossi:= neti

Ts := 5,27

-75) l-i(2hK 2

yr:= A<I

N =197

net:= A< >

i:= 0..N

aco:= 0

- (yrj-75) h2

Co. := aco-e ""

bkg := A >

k:- 0.. 300

acs:= 15120

Eu :=

max:= A 4 >'

j :- 0.. 299

- (ya I - 75) 22aeu-e " 1

Teu:= 2.77

Eu variables are
Ru-106 aeu:= 14790

tot := Css + Eu
Cs variables are Co-60

This data edited for spurious points

4 76 78 80 82 84
Wri

86 88 90 92 94

75) n2] 2

T" Issq(al,a3):= [ grossi - a l - 7 ) n 2 - (yr

Given

as]

ssq(acs,aeu)=O

Minerr(acs,aeu)

It

101

acs= 1.496-10 4
Co-60

Cs. := acs-e '

out :=yr

Two comp decay4o-80.mcd

Eu

out l> :=t(

-a(yu - 75) -W): eu-e Tau

aeu = 1.47-104
Sb-125

- = 1.018
aeu

to := Cs + Eu

WRITEPRN("twop4O-8O.txt"):= out

8/28/98

BuN
- = 0.11

CSN

Page 1

00 070

-REVO

t

gross

4-104

3s104

2-1041

10

7



HNF-3532
filein:= "twol28-140.tt" Well 21-00-03

A:= READPRN(filein)

N :- last(yr)

Tco := 5.27 Tcs:= 5.27

yr ACI

N =199

net := A 7 >

aco:= 0

r 75) 2.
TooCs. := acs-e

grossi := net.

1500,

1000

grwsi
0

tot.i

500

-(yri - 75)Co, := aco-e *

bkg:= AO

k :- 0.. 300

acs := 400

max:= AC4 >

j :- 0.. 299

- (yr-75)-W )
Eu:= aeu-e "OU

Teu:= 2.77

Eu variables are
Sb-125 aeu:= 700

tot := Cs + Eui
Cs variables are Co-60

This data edited for spurious points

74 76 78 so 82 84 86 88 90 92 94
yr1

75) 2)

- 74 )5
ssq(al,a3):= o s

i yri - 74)'

ssq(acs,aeu)=O

ua I:= Minerr(acs,aeu)0.611

Csy-75).
Csi := acs-e ("

out> := yr

Eui :=

out" := tot

Two comp decay128-140.mcd

acs = 388.289
Co-60

-(y-75)- 4K
aeu-e w"

aen = 688.076
Sb-125

tot .= Cst + Bui

WRITEPRN("twop40-8O.txt"):= out

8/28/98

00 O17

-REVO

I I1I

-

-,

0e

0 * |

-(r - y75)-
al -e VS

(yr

Given

1-1

acs- =0.564

EuN
= 0.223

CSN

Page 1
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0



HNF:3532

Borehole Z2 -tV

Log Date:/ - -7r

Dry Well Survey Analysis - Notes

Total # Surveys ? 1 2
# neutron surveys 2-

-)'7- 91 Lastlit

Contamination Zone Depth(s):
Isotope from Spectral Survey: Cr A Cc -1 Frc SiM/)

Probe Type 1f0
# OR Surveys 2/
Presentation Plot Dates

(If different ftun I' & LaA)

Max Survey Depth Qf
GAPS.Txt

Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avw.Bk I Comment

Analysis Notes

0 0lO4i'0 ~

Analyst Name S/W ver 7 i :)e

00 072

-REVO

AL"'r4K' ;e4
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filein:= "two48-70.txt"

A:= READPRN(filein)

N:- last(yr)

Well 21-00-04

yr:= A l net:= A >

N = 193

rco: 5.27 tcs:= 5.27

s (Yrj- 75) W2)Csi := acs-e '

gmssi : net%

800

aco := 00

i75)X )
Co := aco-e *

acs:= 20

Eu
- (Yr - 75)m

:= aeu-e * 1

This data edited for spurious points

Sb-25 aeu; 480

tot:= Cs. + Eu,

Cs variables are Co-60

74 76 78 80 82 84 86 88 90 92
yrj

(yr-75)X -y 75)* 2

Elgrossi- [a]-e-(r F 0" +ae (y "J u

ssq(acs,aeu)sO -1M

] := Minerr(acs, aeu)
aeu acs = 19.557

Co-60
aeu = 485.548
Sb-125

Cs := acs-

out := yr

Eu:=

out1 := tot

Two comp decay48-70.mcd

- (yr- 75) U<2aeu-e " toti:=Cs + Eu,

WRITEPRN("twop48-70.txt') :a out

8128/98

00 073

-REVO

bkg:= A >

k: 0.. 300

max:= A 4 >

j:s 0.. 299 Teu:= 2.77

600 1-

90m

tot.
400 H-

200

0

0 *o ,

0%*,

0*

0 e.

ssq(al,a3):-

Given

csc
- = 0.04

aeu

- = 3.525
CSN

Page 1

-(yrj - 7 5) K2



HNF-3532

filein i "two7O-85.txt-

A:- READPRN(filein)

N : last(yr)

Tco:= 5.27

- (yri -
Csg : acs-e

grossi:= net,

1500

1000 1
gr85s

500 I

Well 21-00-04

yr:= A

N = 199

zes:= 5.27

net := AC7 >

i:- 0.. N

aco:= 00

C yr - 75)
Co. := aco-e *

bkg:= A

k:- 0.. 300

acs:= 270

Eu :=

max := A >

j : 0.. 299

- - 75) n
aeu-e

%eu; 1

Eu variables are
Ru-106 aeu:= 820

tot := Cs + Eu
Cs variables are Co-60

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94
yr.

ssq(al,a3) s [al-e = +a3-e-

Given

ssq(acs,aeu)=0

= Minerr(acs,aeu)
aeu J acs = 272.956

Co-60
aeu = 818.978
Ru-106

-(yr-75) W2)

=acs-e s Eu=

out> := yr out> := tot

- (r- 75) X2
aeu-e m tot := Cs + Eu.

WRITEPRN("twop70-85.txt") := out

=0.333
anu

BuN--
- = 9.422-10

CSN

Two comp decay70-85.mcd

-REVO

0 -

0

75 ]

101

Cs

8/28/98

00 74.

Page 1

0

grossi -
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r v
Borehole 2 2 - -/ &

Log Date: I z25

Dry Well Survey Analysis - Notes

Total # Surveys 2 9
# neutron surveys 4
c-0-93 Last1 '

Contamination Zone Depth(s):
Isotope from Spectral Survey: _ ./- tA 7k . -'

Probe Type O__
# GR Surveys ;g-C
Presentation Plot Dates

(If diffmrnc durn I'& Uset)

Max Survey Depth /2t '

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Oeason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Anal ysis Notes

)7;-777 , 1-7

Analyst Name 'C t tsx S/W ver ____ ._ E

o C75
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HNF:3532 -REVO

Borehole 22-01-01

Contamination (Cs-137) from 0-6 feet is Tank Farm Activity
Contamination (Cs-137) from 6-15 feet appears Stable

Grade thickness product from 0 to 6 feet is intermittently changing from 1975 to 1987
which is indicative of tank farm activities such as a transfer line activity. The grade

thickness product for this interval is decreasing consistent with Cs- 137 (HPGe identified)
from 1987 to 1993.

Grade thickness product from 6 to 15 feet is decreasing consistent with
Cs-137 (HPGe identified) from 1975 to 1993. The levels are near threshold.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

SurveyDepth: 100ft
First Survey Date: 1/16/1975
Last Survey Date: 10/4/1993
Number Surveys: 406

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-6 Tank farm activity, 6-15 Stable
in Gross Gamma Surveys :

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

00 077
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HNFn3532 -REVO

Borehole 22-01-03

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity

Grade thickness product from 0 to 10 feet is intermittently changing from 1975 to 1986
which is indicative of tank farm activities such as a transfer line activity. The grade

thickness product for this interval is decreasing consistent with Cs-137 (HPGe identified)
from 1986 to 1993.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth : 100 ft
First Survey Date: 1/16/1975
Last Survey Date : 10/4/1993
Number Surveys: 395

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-10 Tank farm activity
in Gross Gamma Surveys :

Analyst Name R.R. Randall
Company Name : Three Rivers Scientific
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HNFn3532 -REVO

Borehole 22-01-04

Contamination (Cs- 137) from 0-15 feet is Tank Farm Activities
Contamination (Cs-137) from 15-30 feet is Stable

Contamination (Co-60 & Sb-125) from 30-60 feet is Stable

Grade thickness product from 0 to 15 feet is changing erratically indicative of tank farm
activities such as changes in transfer lines.

Grade thickness product from 15 to 30 feet is decreasing consistent with
Cs-137 (HPGe identified) 1975 to 1993, within systematic limitations.

Grade thickness product from 30 to 60 feet is decreasing consistent with
Co-60 (HPGe identified) & Sb-125 (hypothesis) from 1975 to 1993, within systematic
limitations. The least squares fit results in gross gamma contribution ratio of Sb-125 to

Co-60 of 6.38 as of Oct 1993.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/16/1975
Last Survey Date: 10/4/1993
Number Surveys : 408

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold O<val<50

Depth(s) where Contamination Identified 0-15 Tank Farm Activity,
in Gross Gamma Surveys : 15-30 & 30-60 Stable

Analyst Name: R.R. Randall
Company Name : Three Rivers Scientific
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HNFr3532 -REVO

Borehole 22-01-07

Contamination (Cs- 137) from 0-6 feet is Tank Farm Activity
Contamination (Cs-137) from 6-15 feet is Stable
Contamination (Co-60) from 40-55 feet is Stable

Grade thickness product from 0 to 6 feet is intermittently changing from 1975 to 1987
which is indicative of tank farm activities such as a transfer line activity. The grade

thickness product for this interval is decreasing consistent with Cs-137 (HPGe identified)
from 1987 to 1993.

Grade thickness product from 6 to 15 feet is decreasing consistent with
Cs-137 (HPGe identified) from 1975 to 1993. The levels are near threshold.

Grade thickness product from 40 to 55 feet is decreasing consistent with Co-60 (HPGe
identified) from 1975 to 1985.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/9/1975
Last Survey Date: 10/4/1993
Number Surveys: 1394

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-6 Tank farm activity
in Gross Gamma Surveys : 6-15 & 40-55 Stable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF:3532 -REVO

Borehole 22-01-10

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity
Contamination (Cs-137) from 15-25 feet is Stable

Contamination (Cs-137 & Co-60) from 25-44 feet is Stable

Grade thickness product from 0 to 10 feet is intermittently changing from 1975 to 1987
which is indicative of tank farm activities such as a transfer line activity. The grade

thickness product for this interval is decreasing consistent with Cs- 137 (HPGe identified)
from 1987 to 1993.

Grade thickness product from 15 to 25 feet is decreasing consistent with
Cs-137 (HPGe identified) from 1975 to 1993.

Grade thickness product from 25 to 44 feet is decreasing consistent with
Cs-137 (HPGe identified) & Co-60 (hypothesis) from 1975 to 1993. The least squares fit
results in gross gamma contribution ratio of Co-60 to Cs-137 of 0.03 as of Oct 1993. The

very low level of Co-60 is only required to have the grade thickness product follow a
consistent trend.

Gross Gamma Survey Information
Probe Type: 04: Na!

Other Probe Types: 03: Neutron
Borehole Depth : 100 ft

Survey Depth: 100 ft
First Survey Date: 1/9/1975
Last Survey Date: 10/4/1993
Number Surveys: 419

Analys s Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-10 Tank Farm Activity,
in Gross Gamma Surveys: 15-25 & 25-44 Stable,

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNFz3532 -REVO

Borehole

Log Date: I C jst

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Dry Well Survey Analysis - Notes

Total # Surveys -/ 0
# neutron surveys ;L
1O-0&7 Last

Probe Type CX
# GR Surveys .4I .
Presentation Plot Dates

of diffarn fom I'A Las)

Max Survey Depth .y

GAPS.Txt
Survey Date num, Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avm.Bkg Comment

Analysis Notes

Analyst Name S/W ver .2- 2-
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HNF-3532 -REVQ

Dry Well Survey Analysis - Notes

Borehole 22 0/ - 0'3 Tot
# ne

Log Date: j 44 7-/ j s tr
Contamination Zone Depth(s): 0-/O
Isotope from Spectral Survey: C z

al # Surveys 3Ct
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Analyst Name S/W ver
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HNF:3532 -REVO

Dry Well Survey Analysis - Notes

Borehole 0- -

Log Date: I-d/ 1st

Contamination Zone Depth(s):
Isotope from Spectral Survey: -

Total # Surveys J- /Q
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C4 f-
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Presentation Plot Dates
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HNFn353 2

filem:= "two30-60.txt"

A:= READPRN(filein)

N : last(yr)

Tco:= 5.27
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This data edited for spurious points
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HNF:3532 -REVO

Dry Well Survey Analysis - Notes

Borehole rX -?

LogDate: I-s- ' i"

Contamination Zone Depth(s):
Isotope from Spectral Survey: .

Total # Surveys '2 9k
# neutron surveys 1
(Q 2AZ- 3 Last

Probe Type
# GR Surveys '29_
Presentation Plot Dates
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Survey Date num. Gaps num. Samples Comment
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Survey Date keason Selected num. Samples I Comment

BackGnd.Txt
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Analyst Name S/W ver

00 103

('4s , 0-Ak" 4&'1a
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Dry Well Survey Analysis - Notes

Borehole z /2-c - /0/
Log Date: -2r is,

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Total # Surveys
# neutron surveys 2.
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Probe Type 6'L
# GR Surveys 419/
Presentation Plot Dates
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filein:= "two.txt"

A:= READPRN(filein)

N :- last(yr)

tco:= 5,27

HNF-3532
Well 21-01-10

yr := A >

N =407

Tes:= 30.17

net:= A7 >

i:- 0.. N

aco := 00

-(- 75) X
Cs. := acs-e TCB

gross := net

-REVO

bkg:= A >

k :- 0.. 300

acs := 463

Eu :=

max := A >

j :- 0.. 299

- (yi - 75)2222
aeu-e "-

This data edited for spurious points

teu:= 5.27

Eu variables are Co-60
aeu:= 116

tot := Csa + Eu
Cs variables are U238
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HNF-3532 -REVO

Borehole 22-02-01

Contamination (Cs- 137) from 0-10 feet is Tank Farm Activity
Contamination (Cs-137) from 10-20 feet is Tank Farm Activity

Contamination (Cs-137) from 40-53 feet is Stable
Contamination (Ru-106) from 55-75 feet is Stable

Contamination (Co-60 & Ru-106) from 80-96 feet is Stable

Grade thickness product, Cs-137 (HPGe identified), from 0 to 10 and 10 to 20 feet is erratic,
indicative of tank farm activities such as transfer line operations. The grade thickness product

appears stable from 1986 to 1993 for 0-10 feet and stable from 1984 to 1993 for 10-20 feet.
Grade thickness product from 40 to 53 feet is decreasing consistent with Cs-137 (HPGe

identified) from 1975 to 1993. (Special note the possibility of Co-60 at very low levels may
account for the very slight deviation from 1975 to 1983.

Grade thickness product from 55 to 75 feet is decreasing consistent with Ru-106 (hypothesis)
from 1975 to 1993, but at very low levels.

Grade thickness product from 80 to 96 feet is decreasing consistent with a least squares fit for Co-
60 (HPGe identified) and Ru- 106 (hypothesis) from 1975 to 1993. The least squares fit results in

gross gamma contribution ratio of Ru-106 to Co-60 of 2.18 as of Jan 1975.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/9/1975
Last Survey Date: 10/27/1993
Number Surveys: 593

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: < 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-10 & 10-20 Tank Farm Activity
in Gross Gamma Surveys: 40-53, 55-75, & 80-96 Stable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNFn3532 -REVO

Borehole 22-02-02

Contamination (Cs- 137) from 0-6 feet is Tank Farm Activity
Contamination (Cs-137) from 6-18 feet is Stable

Grade thickness product from 0 to 6 feet is erratic indicative of tank farm activities such
as transfer line operations.

Grade thickness product from 6 to 18 feet is decreasing consistent with
Cs-137 (HPGe identified) from 1975 to 1993.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/9/1975
Last Survey Date : 10/27/1993
Number Surveys: 540

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-6 Tank Farm Activity
in Gross Gamma Surveys: 6-18 Stable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNFn3532 -REVO

Borehole 22-02-05

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity

Grade thickness product from 0 to 10 feet is erratic indicative of tank farm activities such
as transfer line operations.

Grade thickness product from 0 to 10 feet is decreasing consistent with
Cs-137 (HPGe identified) from 1986 to 1993.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types : 02: Red GM, 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/16/1975
Last Survey Date: 10/27/1993
Number Surveys: 545

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : Threshold 0<val<50

Depth(s) where Contamination Identified 0-10 Tank Farm Activity
in Gross Gamma Surveys:

Analyst Name : R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3532 -REVO

Borehole 22-02-07

Contamination (Cs- 137) from 0-10 feet is Tank Farm Activity

Grade thickness product from 0 to 10 feet is erratic indicative of tank farm activities such
as transfer line operations.

Grade thickness product from 0 to 10 feet is decreasing consistent with
Cs-137 (hypothesis, no HPGe data) from 1986 to 1993.

Special note, the average background changed consistently after May 25, 1978.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 150 ft

Survey Depth: 150 ft
First Survey Date: 1/9/1975
Last Survey Date: 10/20/1993
Number Surveys: 452

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : Threshold 0<val<50

Depth(s) where Contamination Identified 0-10 Tank Farm Activity
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF:3532 -REVO

Borehole 22-02-09
Page 1 of 2

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity
Contamination (Sb-125) from 20-26 feet is Stable

Contamination (Sb-125 & Ru-106) from 26-34 feet is Stable
Contamination (Sb-125 & Ru-106) from 34-44 feet is Stable

Contamination (Co-60 & Cs-137 & Ru-106) from 44-52 feet is Stable
Contamination (Co-60) from 55-65 feet is Undetermined

Grade thickness product, Cs-137 (HPGe identified), from 0 to 10 feet is erratic, indicative of
tank farm activities such as transfer line operations. The grade thickness product appears stable

from 1986 to 1993 for 0-10 feet.

Grade thickness product from 20 to 26 feet is decreasing consistent with Sb- 125 (hypothesis)
from 1975 to 1993.

Grade thickness product from 26 to 34 feet is decreasing consistent with a least squares fit for
Sb-125 (hypothesis) and Ru-106 (hypothesis) from 1975 to 1993. The least squares fit results in
gross gamma contribution ratio of Ru-106 to Sb-125 of 5.34 as of Jan 1975. Note, Cs-137 HPGe

identified, but at low enough levels to not register above threshold.

Grade thickness product from 34 to 44 feet is decreasing consistent with a least squares fit for
Sb-125 (hypothesis) and Ru-106 (hypothesis) from 1975 to 1993. The least squares fit results in
gross gamma contribution ratio of Ru-106 to Sb-125 of 0. 19 as of Jan 1975. Note, Cs-137 HPGe

identified, but at low enough levels to not register above threshold.

Grade thickness product from 44 to 52 feet is decreasing consistent with a least squares fit for
Ru-106 (hypothesis) and Co-60 (HPGe identified) and Cs-137 (HPGe identified) from 1975 to

1993. The least squares fit results in gross gamma contribution ratio of Ru-106:Co-60:Cs-137 of
1780:613:106 as of Jan 1975.

Grade thickness product from 55 to 65 feet is decreasing consistent with Co-60 (HPGe
identified) from 1975 to 1993, but at very low levels. There may be some indication of Ru-106
at low levels very early (1975-1976), but such a short time cannot be used to differentiate stable

from a hypothesis fit.

00 123



HNFn353 2 -REVO

Borehole 22-02-09
Page 2 of 2

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/16/1975
Last Surve Date : 10/27/1993
Number Surveys : 607

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-10 Tank Farm Activity, 20-26, 26-34, 34-
in Gross Gamma Surveys: 44, & 44-52 Stable, 55-65 Undetermined

Analyst Name : R.R. Randall
Company Name: Three Rivers Scientific
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HNF:3532 -REVO

Dry Well Survey Analysis - Notes

,'4orehole 2 4 2 -'
Log Date: ILD91 t

Contamination Zone Depth(s):
Isotope from Spectral Survey: -

- Total # Surveys />5
# neutron surveys 4.

Last

C-4( prff-n

Probe Type D /
# GR Surveys -fU
Presentation Plot Dates

(If different fim I"& Last)

Max Survey Depth I P P

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples I FeQ.Clean I Avg.Bkg Comment

Analysis Notes

Analyst Name 1c~ S/W ver r/1Z 2- -7
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filein:= -two.txt"

A:= READPRN(fMlein)
80-96 feet

N :- last(yr)

co:= 5.27

Cs:= acs-e

gross,:= net.

HNFn3 5 32
Well 21-02-01

yr:= A<1 >

N = 515

Tcs := 5.27

net := A 7>

i:" 0.. N

aco:= 00

ya -75) n(2)
Co. := aco-s' ( ** -

-REVO

bkg := A<6 >

k:- 0.. 300

acs:= 172

Eu

max:= A<4

j :- 0.. 299

- (yr - 75) 2)
:=aeu-e -

Teu :=1

Eu variables are
Ru-106 aeu:= 375

toi := Csi + Eui
Cs variables are Co-60

This data edited for spurious points

600

400

tot.

200

0
74 76 78 80 82

ssq(ala3):-

84 86 88 90 92 94

yh

1] 2- (yrj - 75) i22)+ a3-e wugrossi

Given

ssq(acs,aeu)u0 1-1

E acs ;= Minerr(acs,aeu)ceu acs = 172.836
Co-60

aeu = 375.357
Ru-106

-a(yre - 75) -W 2)

:=tOs-e yr Bu t=t

out"o := yr OUt > := tot

-(yri- 75) W2Oteu-e = tot := Cs. Eu

WRJTEPRN("twop.txt') := out

acs--04

aeu

EuN
-- =6.068-10

CSN

Two comp decay8O-96.mcd
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- 0

Csi

8/28/98
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HNF:3532 -REVO

Dry Well Survey Analysis - Notes

Borehole A A Z- Q'X

Log Date: Lz2 4 . 1

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Total # Surveys SY>
# neutron surveys -
Jt;22> Last

Probe Type Of
# GR Surveys %'6'
Presentation Plot Dates

Ofdiferent um &I' Last)

Max Survey Depth 1A' 6

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

li AM s K:- A A/mC'--"$Z

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg.Clean Avg. Bkg Comment

Analysis Notes

Analyst Name C- S/W ver 2

00 't75
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HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole I 9'-O2 - 0 

Log Date: l-/LhfI Sst

Contamination Zone Depth(s):
Isotope from Spectral Survey: .

Total # Surveys ;Vl
# neutron surveys j.
iJN-2 ~7z Last

GAPS.Txt

Probe Type ct. 0 a-
# GR Surveys S
Presentation Plot Dates

(If different fmm I' & Last)

Max Survey Depth ( 00

Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bk I Comment

Analysis Notes

Analyst Name tSY

I

S/W ver / ?

136
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HNFn3532 -REVO

Dry Well Survey Analysis - Notes

Borehole

Log Date: i-i.7I r'
Contamination Zone Depth(s):
Isotope from Spectral Survey: -

- Total # Surveys Y#
# neuton surveys 2.
i W0-/ / Last

p-c
Vp a

Probe Type Ml
# GR Surveys QI%
Presentation Plot Dates

(If difrmnt un I' & las)

Max Survey Depth ( 4*

GAPS.Txt
Survey Date I num, Gaps I num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples P egClean I Av SkgI Comment

nalysis Notes

Analyst Name S/W ver 7A4r 2- .2.
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Dry Well Survey Analysis - Notes

Borehole 220

Log Date: H-- -'

Total # Surveys & / 0
# neutron surveys 92
IP-d-t) Last151

Contamination Zone Depth(s):
Isotope from Spectral Survey: _ Cs p {G

Probe Type L
# OR Surveys kCL7
Presentation Plot Dates

(l'difrcnumi a

Max Survey Depth J2&
GAPS.Txt

Survey Date num. GapsI num. Samples Comment

HI-ZONES.Txt
Survey Date eason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Fe .Clean I Avg.8kg I Comment

nalysis Notes

s- IT L#

S/W vera 2 ' 2'

-18
Analyst Name i 7 Z*ree z



filein:= "two26-34.txt"
HNF-3532

Well 21-02-09

A:= READPRN(filein)

N :- last(yr)

tco := 527

yr := A l>

N = 577

Tcs := 2.77

net := A7

i:- 0.. N

aco := 00

bkg:= A<6 >

k :- 0.. 300

acs := 82

max:= A4>

j :- 0.. 299 Teu := I

Eu variables are
Ru-106 aeu 419

-(yri-75 2)

Cs :=acs-e ms

grossi := net

500

tot.

400 -

300 -

200 -

100 -

0

-(yr--75) W2)
Co :=aco-e "

- (yr-75) X
Eu,:= aeu-c ""-.1

This data edited for spurious points

tot := Csi + Eu
Cs variables are Sb-125

74 76 78 80 82 84 86 88 90 92 94
yr.

ssq(al ,a3):- gross - [a, -

ssq(acs,aeu)m0

75)'2 - (yr
+a3-e

1=1

I:= Minerr(acs,aeu)
aeu acs = 79.253

Sb-125
aeu = 423.444
Ru-106

- (yr h - 75) W 2
Cs. := acs-e

out> := yr

Eu:

out" := tot

Two comp decay26-34.mcd

- (yr- 75).K2)
aeu-e tot1 := Csi + Eu.

WRITEPRN("twop26-34.txt") := out

acs = 0.187
cteu

EuN
= 1.279-10

CSN

W2898
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HNF-3532 -REVO
mein:= "two34-44.tx"

A:= READPRN(filein)

N :- last(yr)

Tco:= 5,27

- (yri -
Cs.: acs-e

gross = net

2500

2000 -

1500

tot

- 1000

500

0

Well 21-02-09

yr A '

N =586

tcs:= 2.77

75) h-2us* Co := aco-e

net:= A<7 >

i:- 0..N

aco = 00

bkg:= A<6>

k:- 0.. 300

acs:= 1630

Eui :=

max:= A4 >

j :- 0.. 299 Teu := I

Eu variables are
Ru-106 aeu:= 300

-(yI- 75) Xaeu-e Tau-
to := Cs. + Eu

Cs variables are Sb-125
This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94
yr1

ssq(acs,aeu)sO

75)h2 - (yr - 75)
S+a-e

1=1

acs
:= Minerr(acsaeu)

aeu J

- (yr. - 75) -n

Eu := aeu-e

out := tot

acs = 1.637-10
Sb-1 25

(yrj - 75)2

aeu =311,536
Ru-106

tot := Cs1 + Eu

WRITEPRN("twop34-44.txt") := out

acs- =5.255
aen

EuN -5u = 4'556-10
CSN

Two comp decay34-44.mcd

-

-

-0

-

-a

a

ssq(al,a3) grossi -

Given

Csi := acs-e

out> := yr

8/28/98
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filein : "two44-52.txt

A := READPRN(filein)

N:- last(yr)

TcO := 5,27

HNF-3532 -REVO
Well 21-02-09

yr:= A

N = 589

Tcs := 30.17

net:= A 7>

i:-0..N

aco := 613

bkg:= A 4

k:-0..300

acs := 106

max := A<4>

j:- 0.. 299 Teu:= 1

Eu variables are
RU-1O Mu := 1780

- j - 75) . (2
Csi := aCs-e

C-75) (2)

Co. = aco-e' (Y" - Iw Eu :=
- (yrj 75 )JX32

acue -1 tot, := Cs +Eu 1 + C

grossi := net,

2500

oss,

tot.

2000 -

1500 -

1000 -

500 -

0

This data edited for spurious points

-

0

* 0

0

0
I I

*

I I I I I - Ir w V -
74 76 78 80 82 84 86 88 90 92 94

ssq(al,a3,a2)
z(yr- 75) X

: grossi ale +K 0(Yri
75) 0yr

" +a2-e
- 75)Wz) 

2

Te* I]

Given

ssq(acs,aeu,aco)=O

:=Minerr(acs,aeu,aco)

- (yri- 75)
Csi := acs-e

y 5 - 5)

Eu := aeu-e 
CO =

yr - 75) 2
aco-e

totI := Csi + Eu + Co,

out> := yr

Two comp decay44-52.mcd

out" := tot WRITEPRN("twop44-52.txt) := out

8/28i98

141.

1-1 2n2

acs]

aeu

caco .
acs = 106
Cs-1 37

aeu =1.78-
Ru-106

10c3 aco=613
Co-60

= 0.06
aeu

EuN -
N5.576-10
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Borehole 22-03-01

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity

Grade thickness product from 0 to 10 feet is erratic indicative of tank farm activities such
as transfer line operations.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 02: Red GM, 03: Neutron
Borehole Depth: 95 ft

Survey Depth : 95 ft
First Survey Date: 1/16/1975
Last Survey Date : 4/22/1994
Number Surveys: 538

Analysis Notes
Number Surveys Rejected : 0

Lower Threshold for Bad Survey Values : <=-0
Method Used to Compute Background : Threshold O<val<50

Depth(s) where Contamination Identified 0-10 Tank Farm Activity
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3 5 32 -REVO

Borehole 22-03-04

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity
Contamination (Cs-137) from 10-30 feet is Tank Farm Activity

Contamination (Sb-125) from 40-55 feet is Stable
Contamination (Co-60 & Sb-125) from 55-85 feet is Stable

Grade thickness products from 0 to 10 and 10 to 30 feet are erratic, indicative of tank farm
activities such as transfer line operations.

Grade thickness product from 40 to 55 feet is decreasing consistent with
Sb-125 (HPGe identified) from 1975 to 1994. Note that Co-60 is HPGe identified, but at low

levels for this interval.
Grade thickness product from 55 to 85 feet is decreasing consistent with

a least squares fit for Co-60 (HPGe identified) and Sb-125 (hypothesis) from 1975 to 1994.
The least squares fit results in gross gamma contribution ratio of

Co-60 to Sb-125 of 0.36 as of Jan 1975. Special note, the HPGe did identify Sb-125 at
shallower depths than 55-85, but the Sb-125 in 55-85 feet decayed to a level below detection.

Gross Gamma Survey Information
Probe Type : 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/16/1975
Last Survey Date: 4/20/1994
Number Surveys: 457

Anal (sis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-10 & 10-30 Tank Farm Activity
in Gross Gamma Surveys : 40-55 & 55-85 Stable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-353 2 -REVO

Borehole 22-03-05

Contamination (Cs-137)
Contamination (Cs-137)

Contamination (Cs-137):
Contamination (Cs- 137):

from 0-5 feet is Undetermined
from 5-15 feet appears Stable
from 15-60 feet appears Stable
from 60-85 feet appears Stable

Grade thickness product from 0 to 5 feet is undetermined due to lack of depth control near the
surface and the short time span of the data.

Grade thickness product from 5 to 15 feet is decreasing consistent with
Cs-137 (HPGe identified) from 1980 to 1990.

Grade thickness product from 15 to 60 feet is decreasing consistent with
Cs-137 (HPGe saturated, but observed above and below) as determined by the red GM, since

the green GM count rate limits were exceeded.

Grade thickness product from 60 to 85 feet is decreasing consistent with
Cs-137 (HPGe identified). The very slight deviation from Cs-137 early cannot be claimed as
deviation given the short duration of the data collection. Special note, the HPGe did identify

Co-60 in this interval, but the levels are low and dominated by the very high Cs-137
concentration.

Gross Gamma Survey Information
Probe Type : 01: Green GM, & 02: Red GM

Other Probe Types: 14: Shielded NaI, 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100
First Survey Date: 7/24/1980 tool 01 & 5/5/80 tool 02
Last Survey Date: 11/8/1989 tool 01 & 11/8/89 tool 02
Number Surveys: 235 tool 01 & 255 tool 02

Anal sis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50 tool 02

Threshold 0<val<20 tool 01
Depth(s) where Contamination Identified 0-5 Undetermined

in Gross Gamma Surveys: 5-15, 15-60, & 60-85 Stable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3 5 32 -REVO

Borehole 22-03-06
Page 1 of 2

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity
Contamination (Cs-137) from 20-28 feet appears Stable

Contamination (Cs-137, Co-60, & Sb-125) from 37-48 feet is Stable
Contamination (Ru-106, & Sb-125) from 48-60 feet is Stable

Contamination (Co-60, Ru-106, & Sb-125) from 60-94 feet is Stable
Contamination (Sb-125) from 94-105 feet is Stable (when logged)

Grade thickness product Cs-137 (HPGe identified) from 0 to 10 feet is erratic indicative of tank
farm activities such as transfer line operations.

Grade thickness product from 20 to 28 feet is decreasing consistent with
Cs-137 (HPGe identified) from 1975 to 1993. Note that background subtraction may account

for the small deviations observed.

Grade thickness product from 37 to 48 feet is decreasing consistent with
a least squares fit for Cs-137 (HPGe identified), Co-60 (HPGe identified), and Sb-125 (HPGe
identified) from 1975 to 1993. The least squares fit results in gross gamma contribution ratios
of Cs-137:Sb-125:Co-60 of 690:80:1265 as of Jan 1975. The stack plots shows this interval to
change profile over 1975 to 1993, which indicates the slower decay components are located in

the upper section.

Grade thickness product from 48 to 60 feet is decreasing consistent with
a least squares fit for Ru-106 (hypothesis), and Sb-125 (hypothesis) from 1975 to 1993. The
least squares fit results in gross gamma contribution ratios of Ru-106 to Sb-125 of 0.25 as of

Jan 1975. Note, Co-60 was marginally identified in this interval, but not visible in gross gamma
due to large Sb-125 contribution. Sb-125 present; but not at detection levels when HPGe data

collected.

Grade thickness product from 60 to 94 feet is decreasing consistent with
a least squares fit for Ru- 106 (hypothesis), Co-60 (HPGe identified), and Sb-125 (hypothesis)

from 1975 to 1993. The least squares fit results in gross gamma contribution ratios of Ru-
106:Sb-125:Co-60 of 581:3440:299 as of Jan 1975.

Grade thickness product from 94 to 105 feet is decreasing consistent with
Sb-125 (hypothesis) from 1975 to mid 1983, when logging of this interval ceased.

Due to the complex nature of the intervals in this borehole, a depth shifting was required for all
zones analyzed.
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Borehole 22-03-06
Page 2 of 2

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types : 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/16/1975
Last Survey Date: 4/20/1994
Number Surveys: 1490

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50 all zones but

60-94 least squares fit background

Depth(s) where Contamination Identified 0-10 Tank Farm Activity
in Gross Gamma Surveys: 20-28, 37-48, 48-60, & 60-94 Stable

94-105 Stable (when logged)

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNFn3532 -REVO

Borehole 22-03-07

Contamination (Cs- 137) from 0-8 feet is Tank Farm Activity
Contamination (Co-60 & Sb-125) from 47-62 feet is Stable
Contamination (Ru-106, & Co-60) from 62-90 feet is Stable

Grade thickness product Cs-137 (HPGe identified) from 0 to 8 feet is erratic indicative of tank
farm activities such as transfer line operations.

Grade thickness product from 47 to 62 feet is decreasing consistent with a least squares fit for
Co-60 (HPGe identified) and Sb-125 (hypothesis) from 1975 to 1993. The least squares fit

results in gross gamma contribution ratio of Sb-125 to Co-60 of 2.10 as of Jan 1975.
Grade thickness product from 62 to 90 feet is decreasing consistent with a least squares fit for

Ru-106 (hypothesis) and Co-60 (HPGe identified) from 1975 to 1993. The least squares fit
results in gross gamma contribution ratio of Ru-106 to Co-60 of 1.0 as of Jan 1975. Note, the
background was least squares fit and subsequently subtracted for this interval grade thickness

product.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 02: Red GM, 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/16/1975
Last Survey Date: 4/20/1994
Number Surveys: 475

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<50 all zones but

62-90 with least squares fit background

Depth(s) where Contamination Identified 0-8 Tank Farm Activity
in Gross Gamma Surveys: 47-62 & 62-90 Stable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3532 -REVO

Borehole 22-03-08

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity
Contamination (Co-60 & Ru-106) from 40-60 feet is Stable

Contamination (Co-60) from 80-98 feet appears Stable

Grade thickness product Cs-137 (HPGe identified) from 0 to 8 feet is erratic indicative of tank
farm activities such as transfer line operations.

Grade thickness product from 40 to 60 feet is decreasing consistent with a least squares fit for
Co-60 (HPGe identified) and Ru-106 (hypothesis) from 1975 to 1993. The least squares fit

results in gross gamma contribution ratio of Ru-106 to Co-60 of 5.92 as of Jan 1975.
Grade thickness product (Co-60) from 80 to 98 feet is decreasing consistent Co-60 (HPGe

identified) from 1975 to 1993. The levels are near threshold for gross gamma.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types : 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/15/1975
Last Survey Date: 4/20/1994
Number Surveys: 504

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-8 Tank Farm Activity
in Gross Gamma Surveys: 40-60 & 80-98 Stable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3532 -REVO

Borehole 22-03-09
Page 1 of 2

Contamination (Cs-137 & Eu-154) from 0-11 feet is Tank Farm Activity
Contamination (Ru-106) from 11-24 feet is Undetermined

Contamination (Ru-106 & Sb-125) from 24-52 feet is Unstable Early
Contamination (Ru-106) from 44-52 feet is Unstable Early
Contamination (Co-60) from 78-82 feet is Unstable Early

Contamination (Co-60) from 48-95 feet has downward Movement*
*Duing downward movement could be any radionuclide

Grade thickness product Cs-137 (HPGe identified) from 0 to 11 feet is erratic indicative of tank
farm activities such as transfer line operations, but also contains Eu- 154 (HPGe identified) that
shows stable from 1986 to 1994. Note Co-60 HPGe identified) levels are too low to be seen.

The interval from 11 to 52 feet has possible downward movement, refer to stack plot. Thus this
interval is broken into several sections, 11-24, 24-52, 44-52, and 11-52 feet. Co-60 and Cs-137
were both identified by HPGe logging system; however, Sb-125 & Ru-106 are hypothesized for

some of the intervals. Grade thickness product from 11 to 24 feet is decreasing nearly consistent
with Ru-106 (hypothesis) and the HPGe identified Cs-137 is to low to register. Depth errors may
cause the small deviation observed, but due to possible downward movement depth correction is
not computed. Grade thickness product from 24-52 feet follows a least squares fit for Sb-125 &

Ru-106 (both hypothesized) after initial increase and fixing from1975 through 1977. Given
these radionuclides, the gross gamma contribution ratio of Sb-125 to Ru-106 is 0.23 in Jan 1975.

If the upper zone from 11-24 is Ru- 106, then the increase from 1975 to 1977 for 24-52 feet is
lateral. Grade thickness product from 44 to 52 feet is observed for the structure from 1984 to
1994. Before 1984, there is possible downward movement into this zone, but after 1984 the

possibility of fixing in this bed exists. Given the isotope is Ru-106, then the interval is stable
after 1984. May be a case for downward movement to a fixing zone. The entire zone from 11-
52 feet has the dominant character of 24-52 feet, and stable after 1977 for Sb-125 and Ru-106.
Therefore, the total conserved radionuclides are stable within this encompassing zone and any

downward movement is confined to this total depth interval. The least squares fit results for the
gross gamma contribution ratio of Sb-125 to Ru-106 is 0.20 in Jan 1975.

The interval from 48 to 95 feet is chosen in order to view the clearly downward moving front
and avoid depth control problems. An attempt to process a grade thickness product over this

interval to cover all the downward movement range is not possible since the movement is below
the borehole depth. However, the interval from 48 to 95 feet should cover all downward

movement from 1975 to mid 1985, and over this time there is no stability. This indicates lateral
influx as well as the downward migration. An Sb-125 decay curve (hypothesis) is shown over a
possible early (and thus stable) time from 1976 to 1978. The Sb-125 may have been stable and
still not register on the HPGe due to detection thresholds, but could have also been remobilized

and flushed from the zone. Final note, from 1991 to 1994 the interval appears to be stable Co-60
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HNF-3532 -REVO

Borehole 22-03-09
Page 2 of 2

(HPGe identified), which indicates a residual left behind. Likewise, the interval from 78-82 feet
may be a lense that retained Co-60 after the front moved down. Thus the grade thickness plot

for 78-82 feet should be viewed from about 1987 to 1994. Over this time, the interval does
match the Co-60 (HPGe identified) suggesting fixed Co-60 after passage of the front. Note that
in 1975 the front covered this thin zone, therefore, it is possible this fixed Co-60 was in place

before the front moved through. The front in this entire interval is moving at a rate near 2 ft/year
downward. Given this rate is maintained, then the present leading ledge of the front is now (Aug

1998) at a depth of 122 feet.

During instability, no identification of isotopes is possible, and any one or combination may in
fact be the mobile species.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/16/1975
Last Survey Date: 4/20/1994
Number Surveys: 618

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<50 all zones but

24-52 with least squares fit background

Depth(s) where Contamination Identified 0-11 Tank Farm Activity
in Gross Gamma Surveys: 11-24 Undetermined

24-52 & 44-52 & 78-82 Unstable Early
48-95+ Downward Movement

Analyst Name : R.R. Randall
Company Name: Three Rivers Scientific
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Borehole 22-03-10

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity
Contamination (Cs-137) from 8-30 feet is Stable

Grade thickness product Cs-137 (HPGe identified) from 0 to 8 feet is erratic indicative of tank
farm activities such as transfer line operations.

Grade thickness product from 8 to 30 feet is decreasing consistent with Cs- 137 (HPGe
identified) 1975 to 1994. The activity levels are near threshold for the gross gamma logging

system.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft 1975 85 ft from 1980-1994

Survey Depth: 100 ft 1975 85 ft from 1980-1994
First Survey Date: 1/16/1975
Last Survey Date: 4/20/1994
Number Surveys: 472

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-8 Tank Farm Activity
in Gross Gamma Surveys : 8-30 Stable

Analyst Name: R.R Randall
Company Name: Three Rivers Scientific
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HNFn3532 -REVO

Dry Well Survey Analysis - Notes

Borehole gg-Q0 - 0/

Log Date: I- 7L I A

Contamination Zone Depth(s):
Isotope from Spectral Survey: -

Total # Surveys .±±Z
# neutron surveys
/9fl - 9 Last

z-

Probe Type IM' $2-
# GR Surveys £2 9-
Presentation Plot Dates

(If diffemn fim I'& Last)

Max Survey Depth 92

GAPS.Txt
I Survey Date I num. Gaps I num. Samples I Comment

Hi-ZONES.Txt
Survey Date Xeason Selected um. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg Clean Avg.Bkg Comment

Analysis Notes

Analyst Name 15eot?~r S/W ver
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filein:= "two.txt"
15-95 feet

A := READPRN(filein)

N :- last(yr)

Well 21-03-01

yr := A l>

N =515

net := A>

i:- 0..N

Special study in low grade Cs over all well depths and
sensitivity to background.

bkg := A<6>

k :. 0.. 300

max := A 4

j:- 0.. 299
Teu := 30.17

To := 5.27

a s (y --

grossi3:= ne0

3u000

2500 1

gromS

tot.

2000

2000

1500

1000

Cs

Tcs := 3-10 aco:= 00

- (yj - 75) ac 2)
Coi:= aco-e **

acs := 1600

Eui :=
- (yrI - 75)

aeu-e

Eu variables are
Ru-106 aeu := 500

totI := Cs + Eu
Cs variables are U238

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96

yi- 75) (2
ssq(al,a3) :[ gross -[ai-e i "

i

Given

ssq(acs,aeu).0 1-1

acs

au :=Minerr(acs,aeu)

- (yr - 7,) -2
=acs-e ms

:= yru4<0>

Two comp decay44-60.mcd

Eu

out" := u:

acs = 1.562-103
U-238

- ayre- 75): eu-e

It

toti := Cs + Bu

WRITEPRN( "twop.txt):= out

8/31/98

00 194

~I I I I

-

-

-

Cs,

aeu=532.09
Sb-1 25

acs
- =2.935
aeu

EuN
-= 0.219

CSN

Page 1

y75- 75 2

+ a3 -- (Yi U



HNF-3532 -REVO

Borehole 2 % )

Log Date: i42- s,
Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Dry Well Survey Analysis - Notes

Total # Surveyo l
# neutron surveys C)

-204 -?!1Last

On. s-/ 2k Cp

Probe Type 04
# GR Surveys T 79-
Presentation Plot Dates

OIf different h 1'& LAsc)

Max Survey Depth I OP

GAPS.Txt
Survey Date num. Gaps num. Samples I Comment

HI-ZONES.Txt
Survey Date keason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Fe Clean I Av .Bk f Comment

Analysis Notes

Analyst Name S1W ver .. f, t

00 195



HNFt3532

filein:= "two55-85.txt"

A := READPRN(filein)

N :- last(yr)

eo := 527

Well 21-03-04

yr := A l>

N =435

Tcs:= 5.27

net:= A >

i:- 0.. N

aco:= 00

(yr .- 75) -W )
WSCsi := acs-e

gross := net

y 5) - n7 2)

Co. := aco-e- (* - Eu. :=

bkg := A< >

k:= 0.. 300

acs:= 230

max := A<4 >

j:- 0.. 299

- (Yrj- 75) -22)
aeu-e U -

Teu:= 2.77

Eu variables are
Ru-1 aeu:= 640

tot1 := Csi + Eu
Cs variables are U238

This data edited for spurious points

1000I

800

600

400

200

0
74 76 78 80 82 84 86 88 90 92 94 96

Yr.

-(yri-75)-"2 + 3 -(yr-75)-t 2j

ssq(ala3):s{ grossi - [al-e &+e 7)

Given

ssq(acs,aeu)=0 1=1

:=Minerr(acs,aeu)
aeu acs = 229.704

Co-60
aeu = 638.998
Sb-125

-(rj - 75) h2
aeu-e tot1 := Csi + Eu.

WRITEPRN("twop.lxt") := out

Two comp decay55-85.mcd Page 18/15198

00 196

-REVO

-

- C
C

0#
- 0*

gross
0

tot.i

Csi
- (yr - 75) e Eu

out" := to= yr It

acs
- = 0.359

aeu

EuN
-=0.281

CSN



-I

HNF-3532 -REVO

pty
Borehole

Log Date: 7-Z41-&6 I

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Dry Well Survey Analysis - Notes

Total # Surveys '"19
# neutron surveys L
I I-r-tf Last

rl,

zeo-S
7 (

Probe Type L p
# GR Surveys
Presentation Plot Dates

(tdiffcrent 6m 1'& Last)

Max Survey Depth I bO
GAPS.Txt

I Survey Date I num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date eason Selected num. Samples Comment

S/ y -29 P0-

I-
I

BackGnd.Txt
Survey Date Reason Selected num. Samples Fe .Clean Avg.Bkg Comment

Analysis Notes
p -c s-si- / t.

1%q

Analyst Name S/W ver A -

00 197

-1

C4 bd?4/6D)

I



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole ~99__~_04

Log Date: Iz- . 7/ l i

Contamination Zone Depth(s):

Total # Surveys q
# neutron surveys 1,

f-t/# Last

Isotope from Spectral S ey: ('J a Sh/,

Probe Type 0/
# GR Surveys W 4PO
Presentation Plot Dates

O rfdiffrert 6m I& [atn)

Max Survey Depth 1402
GAPS.Txt

Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Sam les Comment

r-! /? p-2 ' 7- 

BackGnd.Txt
Survey Date Reason Selected num, Samples Feg.Clean Avg.Bkg Comment

Analysis Notes

Sr

5 )44f OfPWA 4'5

7 -1145-A 'G

Analyst Name a S/w vevS'#3- -

00 198



HNF-3 5 3 2

filein:= "two37-48.txt"

A:= READPRN(filein)

N : last(yr)

rco := 5.27

-(yri -

Cs := acs-e

grossi:= net

Well 21-03-06

yr:= A l

N = 472

Tcs:= 30.17

75)

net := A<7

i:- 0.. N

aco ;= 80

- (yr - 75) 2)
Coi := aco-e *

bkg:= A"

k :- 0.. 300

acs := 690

Eu

max:= A<4

j :- 0.. 299

-yr-75) X2
:aeu-e'(r =" -1

Teu:= 2.77

Eu variables are
RU-10 aeu:= 12650

tot := Csi + Eui + C.

Cs variables are U238
This data edited for spurious points

tot

5000 1

0
74 76 78 80 82 84 86 88 90 92 94 96

yr1

75) -(2)
= + [a3 -essq(al,a3,a2)

(yj- 75 ).W2)
ma - (yri

ssq(acs,aeu,aco)sO

aeu :Minerr(acs,aeu,aco)

acc

In'

acs = 689.623
U-238

2w2

aeu = 1.265-10
Sb-125

- (yri - 75) In2
Cs: acs-e

tot= Cs. + Euj + Co

outi := yr out"> := tot

Two comp decay37-48.mcd

- (yr - 75)- u
Eu, := aeu-e

. - 75) 2
Co := aco-e

WR1TEPRN("twop37-48.txt') := out

818/98

00 199

-REVO

I I I I I I I I

Given

aco = 79.7

aces
- =0.055
aeu

EuN
=0.228

CSN

Page 1

1.104

- (yr -75), h 2
a2-e 1 JJ



HNF-353 2 -REVO

ffiein:= "two48-60.txt-

A := READPRN(filein)

N:- last(yr)

rco := I

Well 21-03-06

yr:= A '

N = 473

Tes:= 30,17-10

net := A7

i:s 0.. N

aco:= 500

bkg := A'

k :- 0.. 300

acs := -60

max :. A 4

j :- 0.. 299
Teu:= 2.77

Eu variables are
RU-106 aeu:= 2ooo

Cs := acs-e

gross = neo;

3000

2000 I

gross1

to.-
1000 I

0

(yr 75) 2)E9 S (Yri- 75) Wx2)

Coi:= aco-e ;;*- Eu:=
-(yr - 75) W2)

aeu-e *1-.
to := Cs.+Eui+C.

Cs variables are U238
This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
y'r.

bkg := - 50

ssq(al,a3,bkg) = ross,- al-e

ssq(aco,aeu,bkg).0

Minerr(aco,aeu,bkg)

1-1

Bkg =-59.013
Background

2-2

aeu = 1.998-10
Sb-125

- (yri - 75)
Eu := aeu-0 - (yr - 75) " 2

CO. := aco-e T*

tot := Bkg + Eui + Co1
Negative background from overstripping

out > := yr out> := tot
Three comp decay48-60.mcd

WRITEPRN("threep48-60.txt") := out

8/28/98

00 200

t

-

-

-

Given

Men

kgaco aco = 501.47
Ru-1 06

EuN
-=-0.266

Page 1

-1000

75) "E. - (yri - 75) 2)
*+ 3e M + bkgjj2



HNF-353 2 -REVO
filein:= "two60-94b.txt" Well 21-03-06 Includes bkg, i.e. no background subtraction

A:= READPRN(filein)

N :- last(yr)

Tco := 5.27

Cs.:= acs-e

grossi := not

6000.

Bra-i
a

tot.

5000

4000

3000

2000

1000

yr:= A

N =470

Tcs := I

net := A>

i:- O..N

aco := 299

bkgrkp := A > max := A" >

j :- 0.. 299

acs := 581

Eu, :=

b := 34-28.1

Teu := 2.77

Eu variables are
Sb.125 aeu := 3440

(yrj - 75) n

aeu-e *1 -1

This data edited for spurious points

tots := Cs + Eui + Co 4

Cs variables are Ru-106

74 76 78 80 82 84 86 88 90 92 94 96

ssq(al~a3,a2,b):= grossi- al -e (Yr
-75)W2) -(y-75) y-75) ) 2

= + a3-e " a2-e n = +bil

Given

ssa(aco.aeu.acs.b)O
ace

aeu
Minerr(aco,aeu,acs,b)

acs
bkg

- (yr, 75) 2)
Csi := acs-e (

tot1 i= bkg + Eu, + Coj + Csj

out := yr out> := tet
Three comp decay6O-94Bkg.mcd

I1] 2-2

acs = 581
Ru-.10

-u. y-75)X
Eu := Mew- (r

3w3

aeu = 3.44-10 3
Sb-125

o.. 75:E

Coj := aco-egr 
) Io

aco = 299
Co-6g

aco 08
= J.087 bkg =955.4

Fit background
EuN 4-=3.056-10 3K5,
CSNT3.F

WRTEPRN("twop60-94Bkg.bxt") := out

8/20/98

00 201

t

-*

-a

-

0

Page 1

- 5yr W- 2)

Coi := aco-e- (* -



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole

Log Date: -l

Contamination Zone Depth(s):

Total # Surveys #87/)
# neutron surveys 7.
J -7P-?-f Last

Isotope from Spectral Survey: C4, C&

Probe Type O1 0
# GR Surveys Y2E
Presentation Plot Dates

(1f diAremn Bm D a.

Max Survey Depth I OP

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date eason Selected num Samples I Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

Analyst Name ICO S/W ver 2

00 20z

/

xlo:.J



HNF-3532

filein:c two47-62.txt' Well 21-03-07

A:= READPRN(filein)

N :- last(yr)

tco:= 5.27

Cs ;= acs-e

gmss:= net;

1500

1000

givssi
0

tot.

yr := AC1>

N =460

TCs := 3-10 9

net:= AC?>

i:- 0..N

aco:= 408

Coj:= aco-e

bkg:= A< 6 >

k:-0..300

acs:= 00

Eu

max:= AC4>

Teu:= 2.77

Eu variables are
Ru-106 aeu := 856

- (yr - 75) -

aeu-e -1 totI := Co + Eu

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
'Ti

ssq(al,a3):-xl
- (yj -75)

grossi - at -e *

Given

ssq(aco,aeu)m0 1-1

:= Minerr(aco,aeu)
aeu aco = 407.175

Co-60
aeu = 856.208
Sb-125

- (yri - 75). W2)
aco-e

out :yr C

Two comp decay47-62.mcd

Eu,:

out' :=tc t

-(y ) .75)
:= eu-e " tot= Coi + Eui

WRITEPRN("twop47-62.txt"):= out

8/20/98

00 203

-REVO

I I I I I F

-*

C

500

Cog

= 0.476
aeu

EuN
-=0.213

CONj

Page 1

j :- 0.. 299

0

- (yr - 75) - 2
+ a3-e 1



filein:= "two62-90B.txt" Well 21-03-07

A:= READPRN(filein)

N last(yr)

yr:= A '

N = 455

TCs = 3-10 9

net:= A7

i:. 0.. N

aco:= 558
Eu variables are
Ru-106 aeu:=562

- (yri - 75)

aeu-e "1 tot := Coi+ Eui+ B

grossi:= net;

2500

2000

grossm

0to4
1500

1000

.oo

ssq(al,a3,B)

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
yti

:- ZI~grossj
-(yr- 75) +

- al-e =" +

Given

ssq(aco,aeu,B)=0

aco1
ateu :Minerr(aco,aeu,B)

Bkg

-(yr,-75) W(2)
:acci-e ** Eu :=

out> := yr outl> := tot

1-1 2-2

aco = 572.423
CO-60

(yr-75) n
1eu-e

aeu = 548.753
Ru-1 06

- = 1.043

tot := Coi + Eui + Bkg

WRITEPRN("twop62-9.txt') := out

aeu

EuN =0

N 1.878-1

Bkg = 798.926

Bkg
28

totN - 799 =45.129

8/20/98Two comp decay62-90.mod

CoN = 45.202

Page 1

HNF-3 5 32 -REVO

Tco:= 5.27

- (Cr- 75)
Csi := acs~e "

bkg:= A*

k:- 0.. 300

acs := 00

max:= A

j:O0.. 299

B:= 28-28

Teu:= 1

Eu

- 0

*o

0 0 0
0o

0

Cck

00 204

-yr-75 W2)

Co. := aco-e- (y"

03-e- (Yi +B11



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole _ _'_

Log Date: /'/12 1st

Contamination Zone Depth(s):
Isotope from Spectral Survey: -

Total # Surveys i'/l?
# neutron surveys le

______Last

Probe Type 0'
# GR Suveys52Vj
Presentation Plot Dates

(f different fm I' & Last)

+ -/lao Max Survey Depth JPO

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date eason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

Analyst Name S/W ver ___.___ ___.--

00 2OS

Cb 4414.z
" 7

j 0, 0 -Z ,ejoe0



HNFn3532

ilein:= "two40-60.txt-

A:= READPRN(filein)

N:- last(yr)

To := 5.27

Well 21-03-08

yr = A l>

N =496

Tcs := 3-10

net:= A >

i:-0..N

aco:= 198

bkg := A<6 >

k:-0..300

acs:= 0

max := A 4

j:-0..299
Teu:= 1

Eu variables are
RU-106 aeu:= 1174

y- (Vr - 75
:= aei-e t"e-u tot := Co, + Eu

grossi:= net,

1500

1000

tot.

500

A

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
yr1

- (yr- 75) 1r2
gross - le *

- (yr-75) -; 2

+ a3-e Jj

ssq(aco,aeu).0

aco
:= Minerr(aco,aeu)

aeu I aco = 198
Co-60

aeu = 1.174-103
Ru-106

- (yr .- 75)- 2)
aco-e

outo> :=yr

Eu
1.

nut := tcVt

- (yr1 - 75)75) X)
aeu-e tot := Co,, + Eui

WR1TEPRN("twop40-60.txt') ;= out

= 0.169

- = 1.162-10
CON

Two comp decay4O-60.mcd

-REVO

-yr-75)X )
Csi := acs- (Yr - W Eu

0

ssq(al,a3)

Given

1-1

Coi

8/20/98

00 206
Page 1

Co: C-- (yr - 75) 9



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole 220'09

Log Date: /4, ' 1st

Contamination Zone Depth(s):
Isotope from Spectral Survey:

Total # Surveys 4 7
# neutron surveys
4/-XSL Last

C', I" /5*'

Probe Type
# GR Surveys /
Presentation Plot Dates

(If diffcrtnt fm I' & Last)

Max Survey Depth tdt

GAPSTxt
I Survey Date num. Gaps num. SamplesI Comment

HI-ZONES. Txt
Survey Date keason Selected nm. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Fea.Clean Av Bkg I Comment

Analysis Notes

Analyst Name t'/s~fl S/W ver

00 207
- I'rw ' Z - -
JZ-(.,



HNF-3532

filein:= "twoOO-1.txt"

A:= READPRN(filein)

N:- last(yr)

Tor:= 5.27

yros75) et
Cs := acs-e **

grossi := net1

14500

1200

srossi

tot.

Cs .1.48

1000

800

Well 21-03-09

yr :=A<

N =227

Tas:= 30.17

- (yra - 75)
Coi := aco-e *

not := A >

i:-0..N

aco:= 00

bkg:= A*

k:-0..300

acs := 830

Eui :=

max:= AC4 >

j:-0..299

Eu variables are
Ru-10 aeu:= 1236

- -75)
aeu- (Y " -M tot1 := Cs. + Eui

This data edited for spurious points

6o&'
86 87 88 89 90 91 92 93 94 95

yr1

ssq(al,a3):[ grossi- al-e (

Given

ssq(acs,eu)=0

I] 2
-- 75.) " (y- 75)

=" +a3-e u"

101

:= Minerr(acs,aeu)
aeu

- (yr, - 75)
:= acs-e

acs = 830.143
Cs-1 37

- yr - 75) lai2)
Eu := aeu-e MI

3aeu = 1.237-10
Sb-1 25

acs = 0.671

toti := Cs1 + Eua

out> :. yr

Two comp decaya-1 1.mcd

out> := tot WRrEPRN(I"twopoo-1 1.txt"):= out

8/21198

00 208

-REVO

eu:= 8.5

60 * V 1 11

- .0.-

00

Cs.
BUN

-N =0.481
CSN

Page 1



Mein:= 'twol l-52.txt-

A:= READPRN(filein)

N ;- last(yr)

Tco:= 5.27-10 9

HNF-3532

Well 21-03-09

yr:= A"

N = 528

tcs := 2.77

net := A >

i:- 0..N

aCO:= 0

- (yr - 75) lK)
Cs1 := acs- ""

-REVO

bkg:= AO

k :- 0..300

acs:= 10570

Eu.

max := AC4 >

j:- 0.. 299

- (yrj - 75) "K2

: aeue 1

B := 0

Teu := I

Eu variables are
Ru-106 aeu:= 53160

toti := Cs, + Eu + Co, + B

gross = net1

1-105

1.104

1-10 3
gross+.01

0
tot.

100l

10

This data edited for spurious points

76 78 80 82 84 86 88 90 92 94 96
yr1

+12

[ y r75
gross- ale "

- yr-75) 2)
+a3-e M

ssq(acs,aeu)u0

-as :=Minerr(acs,aeu)
aeu J

yrf, := 75 + 20-
N

- (yrf. - 75) In2)
Cs, := acs-e MS

acs = 1.057-10 4

Sb-1 25

Bkg
28

- (yrfi- 75)
Eu, := aeu-e"

tot. := Csi + Eu

aeu = 5.316-1
Ru-106

acs- =0.199
aeu

Bkg =

aco =

EuN-4
- =7.152-107

CsN

out :=yrf

twol 1-52bkg.mcd
outl> := tot WRrrEPRN("twopll-52.tx'):= out

8/31/98

00 209

00 o * 0

* * .

I I anI 04 c .*

ssq(aI,a3):-

Given

1-1 2-2

Page 1



HNF-3532 -REVO

filein:= "two24-52B.txt"

A:= READPRN(filein)

N :- last(yr)

co:= 5.27-10 9

Cs := acs-e

gross := neti

1-105

gross 1+.01

tot1

1.103

Well 21-03-09

yr:= A '

N = 513

Ics := 2.77

net:= A

i:- 0.. N

aco:= 0

- (yr75) )
Co1 :=c-

bkg:= A<6>

k:- 0.. 300

acs:= 11670

Eu :=

max:= A 4>

j :- 0.. 299

- (yr - 75)aeu-e TO-1

B:= 432

*eu := I

Eu variables are
Rot:=Cs aeu 50890

to;%:= CS14+-Eu + Coi + B

This data edited for spurious points

76 77 78 79
yr

80 81 82 83

ssq(al,a3,B):a grossi - [a-e

75)2 -(yri
+a3-e

Given

[acs1

I, I
=75 + 20-1

N

ssq(acs,aeu,B)n0

Minerr(acs,aeu,B)

1-1 2w2

acs = 1.167-10 aeu = 5.089-104

acs
S= 0.229

- (yrfi- 75) X2
Cs. : acs-e,

tot a Cs. + Eu + Bkg

out<o> := yrf

-yrI75).K2u
Eui := aeu-e- (* - Bkg = 15.429

28 EuN -4
-=6.201-10

CSN

out<> := tot
SB tryTwo comp decay24-52Bkg.mcd

WRITEPRN("twop-sb-24-52Bkg.txt") := out

8/31/98

00 210

yrf

Bkg =432

aco =

Page 1

-75 )j2 2
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HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole ___ 0 __ _10

Log Date: -' 7Z st

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Total # Surveys t7fL
# neutron surveys
?/--7/ :z2 Last

c .Y*

Probe Type 19Y
# GR Surveys 4
Presentation Plot Dates

(If different fm ' LAst)

Max Survey Depth

GAPS.Txt
Survey Date num. Gaps I num. Samples I Comment

HI-ZONES.Txt
Survey Date heason Selected um. Samp les Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bk Comment

Analysis Notes

2--I

Analyst Name S/W ver T t:3-r L-

00 213
- ,-, W- &4" z'

I

Zr O Z, M ,, /



HNF-3532 -REVO

Borehole 22-04-01

Contamination
Contamination

(Ru-106)
(Ru- 106)

from 20-35 feet is Stable
from 35-45 feet is Stable

Grade thickness product over 20 to 35 feet is decreasing consistent with Ru-106
(hypothesis) decay. There may be some indication of non-stability from 1981 through

1987, but the levels are near threshold and no definite conclusion can be reached.

Grade thickness product over 35 to 45 feet is decreasing consistent with Ru-106
(hypothesis) decay.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/9/1975
Last Survey Date: 10/4/1993
Number Surveys: 439

Analys is Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<50 for 20-35 & 35-45

Threshold 0<val<40 for 20-45

Depth(s) where Contamination Identified 20-35 & 35-45 Stable
in Gross Gamma Surveys:

Analyst Name: RA. Randall
Company Name: Three Rivers Scientific
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Borehole 22-04-05

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1993 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/9/1975
Last Survey Date: 10/4/1993
Number Surveys : 403

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold O<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF:35 32 -REVO

Borehole 22-04-07

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1993 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/9/1975
Last Survey Date: 10/4/1993
Number Surveys: 409

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name : Three Rivers Scientific
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Borehole 22-04-09

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity
Contamination (Co-60) from 75-95 feet is UNSTABLE Early

Contamination (Co-60) from 105-120 feet Stable (when logged)

Grade thickness product, Cs-137 (HPGe identified), from 0 to 8 feet is erratic, indicative of
tank farm activities such as transfer line operations. The grade thickness product for this

interval appears stable from 1986 to 1993.

Grade thickness product over 75 to 95 feet is increasing starting mid 1979. After the rapid
increase stops in mid 1980 until 1982 the grade thickness product is not changing consistent
with Co-60 (HPGe identified) from mid 1979 to 1982. A rapid decrease indicated by four

surveys in early 1982 ends with a data gap, and when logging data resumes, the decay appears
consistent with Co-60, but at low levels.

Grade thickness product, Co-60 (HPGe identified) from 105 to 120 feet first appears 12-22-83
due to apparent well deepening and from this time to 1993 is stable. Special note that there
are no data to indicate downward movement if it occurred; however, the contaminant could

be in this interval (105-120 feet) as a result of the drilling process.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 125 ft present

Survey Depth: 100 ft at start and 125 ft after 12-22-83
First Survey Date: 1/9/1975
Last Survey Date: 10/7/1993
Number Surveys: 451

Anal sis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-8 Tank Farm Activity,
in Gross Gamma Surveys: 75-95 UNSTABLE, 105-120 Stable (when

logged)

Analyst Name R.R. Randall
Company Name. Three Rivers Scientific
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HNF-3 5 32 -REVO

Borehole 22-04-11

Contamination (Cs-137) from
Contamination (Cs-137)
Contamination (Ru-106)

Contamination (Co-60) from

0-8 feet is Tank Farm Activity
from 10-25 feet is Stable
from 25-50 feet is Stable
90-100 feet is Undetermined

Grade thickness product, Cs-137 (HPGe identified), from 0 to 8 feet is erratic, indicative of tank
farm activities such as transfer line operations. The grade thickness product appears stable from

1986 to 1994.

Grade thickness product from 10 to 25 feet is decreasing consistent with
Cs-137 (HPGe identified) from 1975 to 1994.

Grade thickness product from 25 to 50 feet is decreasing nearly consistent with
Ru-106 (hypothesis) from 1975 to 1994. Special note, there is a very slight deviation early from
a single Ru-106 decay. The addition of a longer lived component cannot be computed since the

levels of confidence do not allow such a procedure and a definitive statement.

Grade thickness product from 90 to 100 feet is decreasing consistent with Co-60 (HPGe
identified), between 1976 and mid 1982, but gross gamma logging was not designed to

accurately measure near the surface or bottom of the borehole. Also, some presence of a rapid
decay is indicated from 1975 to 1976, but system limitations do no allow a conclusion.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 14: Shielded NaI, 02: Red GM, 03: Neutron
Borehole Depth: 100 ft

SurveyDepth: 100 ft
First Survey Date : 1/15/1975
Last Survey Date: 10/4/1993
Number Surveys: 1405

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-8 Tank Farm Activity
in Gross Gamma Surveys: 10-25 & 25-50 Stable

90-100 Undetermined

Analyst Name: R.R. Randall
Company Name : Three Rivers Scientific
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HNF:-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole -L? ' P/

Log Date: )-Il-7 s '

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Total # Surveys _ _

# neutron surveys ..
10 t 'Y - 97 Last

/". 1..,

Probe Type 64
# OR Surveys &;A2
Presentation Plot Dates

(If different frum 14 & Last)

aL7a Max Survey Depth / P'

GAPS.Txt
Survey Date num. Gaps num. samples Comment

H-ZONES.Txt
Survey Date leason Selected um. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avu.8kg Comment

Analysis Notes

Analyst Name S/W verS/W ver
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HNF:3532 -REVO

Dry Well Survey Analysis - Notes

Borehole

Log Date:
-- Or j

Contamination Zone Depth(s):
Isotope from Spectral Survey: -

- Tota] # Surveys 4 3 Probe
# neutron surveys 2. # GR
if/-Z- . Last Presen

t4 2z 42w

Type 4
Surveys Y &
tation Plot Dates

(Ifdifrmnt from I' & Last)

Max Survey Depth / 0

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

_________ I-1ZONIES.Txt
Survey Date heason Selected nurn. Samples Comment

BackGnd. Txt
Survey Date Reason Selected num. Samples Feq.Clean Av.BkgI Comment

Analysis Notes

Analyst Name 'Cr zeAO7 0 S/W ver l 2 -..-

00 238
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HNF-3532

Dry Well Survey Analysis - Notes

Borehole 2 2-0t-07

Log Date: I"-.-1 1'

Total # Surveys q//
# neutron surveys 2--
1O-4'- 3 Last

Contamination Zone Depth(s):
Isotope from Spectral Survey: ..:ii i a /

Probe Type O'
# GR Surveys /yf4
Presentation Plot Dates

iffamut &wn a ESt)

alenrA.P Max Survey Depth J O

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date eason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

Analyst Name r -- S/W vertP&4 t4s-sz.

00 239

Ce def0 t

I

- REV 0



HNF:3532 -REVO

r7
'orehole 29-0- 97

Log Date: E-I

Dry Well Survey Analysis - Notes

Total # Surveys
# neutron surveys

0/7- 3 Last1 st

Contamination Zone Depth(s):
Isotope from Spectral Survey: 1^ L A - C, 4 Z;

e r

Probe Type 029
# GR Surveys 1 5L
Presentation Plot Dates

(If diffewnt fmm I'& Last)

Max Survey Depth

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

______~ - 2 2.if-

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

0-1 TF atf

Analyst Name S/W ver 2.2-
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Dry Well Survey Analysis - Notes

K torehole j~

Log Date: 42

Total # Surveys 1j7n
# neutron surveys _&

Last'St

Contamination Zone Depth(s):
Isotope from Spectral Survey: . r.- L.. rAA/.,

Probe Type OV
# OR Surveys /{Q&L
Presentation Plot Dates

(If different fmm I' & Last)

Max Survey Depth )OP

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Peason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

Analyst Name IC6 xflzetl S/W ver 2-ejf# 2, 2-

00 241
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Borehole 22-05-01

Contamination (Cs- 137) from 0-10 feet is Tank Farm Activity

Grade thickness product Cs-137 (HPGe identified) from 0 to 10 feet is erratic indicative of tank
farm activities such as transfer line operations. However, some of the surveys are near the

limits of count rate at 20,000 to 40,000 c/s. Also, the consistent steady decline from Jan 10,
1975 to Jul If, 1975 is not usual for such "Tank Farm Activity".

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/10/1975
Last Survey Date : 4/22/1994
Number Surveys: 737

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-10 Tank Farm Activity
in Gross Gamma Surveys :

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-353 2 -REVO

Borehole 22-05-05

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity

Grade thickness product Cs-137 (HPGe identified) from 0 to 10 feet is erratic indicative of tank
farm activities such as transfer line operations. There is also some indication of problems

associated with depth control near the surface.

Gross Gamma Survey Information
Probe Type : 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/9/1975
Last Survey Date: 4/22/1994
Number Surveys: 704

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold O<val<50

Depth(s) where Contamination Identified 0-10 Tank Farm Activity
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name : Three Rivers Scientific
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HNF:353 2 -REVO

Borehole 22-05-09

Contamination (Co-60) from 55-66 feet is Unstable Early
Contamination (Co-60) from 55-90 feet is Unstable Early, Undetermined

Late

Grade thickness product Co-60 (HPGe identified) from 55 to 66 feet appears stable from 1977 to
1994, and the rapid change before 1977 could be movement or a rapid decay component. The

stack plot clearly displays downward movement from a peak at 70 feet down, and after 1985 there
is not enough signal to determine if the movement down continues. The grade thickness product is
processed for 55 to 66 feet in order to view stability after possible movement down clears out of

the region.

The stack plot clearly shows downward movement of the peak at 70 feet. After 1984, the levels
are too low to make a determination of continued movement from the stack plot. Therefore, a

grade thickness product is computed for the entire interval of 55 to 90 feet to quantitatively assess
the dynamics after 1984. The trend does not clearly match the Co-60 decay from 1984 to 1994,

but the deviation is near threshold at the end and a definitive classification is not possible.

Gross Gamma Survey Information
Probe Type : 04: Na

Other Probe Types: 02: Red GM & 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/9/1975
Last Survey Date: 4/22/1994
Number Surveys: 643

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 55-66 & 55-90 UNSTABE EARLY
in Gross Gamma Surveys: & Downward Movement (Undetermined

late)

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

00 248
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HNF:3532 -REVO

Dry Well Survey Analysis - Notes

ZL£-4L-p
Log Date: l''

Contamination Zone Depth(s):
Isotope from Spectral Survey: re

Total # Surveys Z
# neutron surveys
Lc- If Last

lp- --

Probe Type c'l
# GR Surveys .Z4z
Presentation Plot Dates

(If different from I' & Last)

Max Survey Depth

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date heason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

Analyst Name S/W ver r~fcrx 22-

00 252
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HNF:3532 -REVO

y rehole .

Q Dry Well Survey Analysis - Notes

2 r-
Log Date: I st

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Total # Surveys
# neutron surveys y4
J 7-J-9/ Last

Probe Type o 4
# GR Sureys7s'f
Presentation Plot Dates

(If different from 1' & Last)

Max Survey Depth / t'c
C-

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples FegClean Avg.Bkg Comment

Analysis Notes

97A&, A W r, ~~~-P d kI1 -7K 2

Analyst Name S/W ver I___2 __

00 253
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HNF-3532 -REVO

Dry Well Survey Analysis - Notes

orehole

Log Date: 4 SI f 1 t

Contamination Zone Depth(s):
Isotope from Spectral Survey: CC_

Total # Surveys "
# neutron surveys -
LJ-7-2-97 Last

4- Ci- ), ,:

/
Probe Type A
# GR Surveys /AQ
Presentation Plot Dates

(If direrent fom I I& Last)

Max Survey Depth I PC

GAPS.Txt
Survey Date num. Gaps Jnum. Samples Comment

HI-ZONES.Txt
Survey Date eason Selected num. Samples Comment

BackOnd.Txt
Survey Date Reason Selected num. Samples FeqClean Avg.Bkg Comment

Analysis Notes
377 i-vt - v

Analyst Name zwCr S/W ver 72 t<',.- 2-

00 254
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filein:= "two55-90txt"

A:= READPRN(filein)

N :- last(yr)

HNF-3532

Well 21-05-09

yr:= Ad>

N =394

net = A<7

Tco := 5.27

Csi := acs-e

gross := net

300.

tot.

250

200

150

too

50I

0

Tes:= 3-10

(Yri - 75) - !

aco:= 00

- (yr-75) t 2)
Co = aco-e **

acs:= 52

- (y - 752)
aeu-e Im -IEu :=

Eu variables are
RU-10 aeu:=427

tot := Cs. + Eu
Cs variables are Bkg

This data edited for spurious points

84 85 86 87 88 89 90 91 92 93 94 95
yri

ssq(al,a3):s grossi- [a.- (i
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75) (yri - 7) - 2

=5+a3-e 11

[cacs ]:= Minerr(acs, aeu)aeu

Csi
-yrj - 75) _W2)

:acs-e "

out> := yr

Two comp decay55-90.mcd

acs =51.942
U-238

- 75yre-u 7 2)
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out := tot
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Sb-1 25

to :=Cs iEui

WRJTEPRN("twop55-90.txt"):= out

9/3/98

00 255
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bkg ;= A max:= A 4
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Teu:= 5.27
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HNF-3532 -REVO

Borehole 22-06-01

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity
Contamination (Sb-125) from 42-52 feet is Stable

Contamination (Co-60 & Ru- 106) from 52-65 feet is Stable

Grade thickness product Cs-137 (HPGe identified) from 0 to 8 feet is erratic indicative of tank
farm activities such as transfer line operations.

Grade thickness product Sb-125 (hypothesis) from 42 to 52 feet is stable from 1975 to 1994.
The levels are near threshold early, and at background late. Co-60 is HPGe identified, but at

levels too low to register with gross gamma.

Grade thickness product is consistent with a least squares fit for Co-60 (HPGe identified) and
Ru-106 (hypothesis). The least squares fit results in gross gamma contribution ratio of Co-60 to

Ru-106 of 1.07 as of Jan 1975.

Gross Gamma Survey Information
Probe Type : 04: NaI

Other Probe Types : 02: Red GM & 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/9/1975
Last Survey Date: 4/20/1994
Number Surveys: 726

Analysis Notes

Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-8 Tank Farm Activity
in Gross Gamma Surveys: 42-52 & 52-65 Stable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNFn3532 -REVO

Borehole 22-06-05
Page 1 of 2

Contamination (Cs- 137) from 0-8 feet is Tank Farm Activity
Contamination (Sb-125 & Co-60) from 28-36 feet is Stable

Contamination (Sb-125 & Co-60) from 36-50 feet is Unstable Early
(Down Movement)

Contamination (Co-60) from 62-84 feet is Unstable (Down Movement)
Contamination (Co-60) from 28-84 feet is Unstable (Down Movement)*

*Zone used to assess downward migration

Grade thickness product Cs-137 (HPGe identified) from 0 to 8 feet is erratic indicative of tank
farm activities such as transfer line operations. However, the majority of history is low level.

Grade thickness product from 28 to 36 feet is consistent with a least squares fit of Sb-125
(hypothesis) and Co-60 (HPGe identified) decay from 1975 to 1994. The gross gamma

contribution ratio of Sb-125 to Co-60 is 0.54 on 4/20/94.

The stack plot clearly shows downward contaminant movement from 40 to 84 feet. Grade
thickness product from 36 to 50 feet is computed and displayed on expanded scale in order to
assess the later years for stability after the front may have passed through. After 1981 through
1993, the grade thickness product is consistent with least squares fit of Sb-125 (hypothesis) and

Co-60 (HPGe identified) from 36 to 50 feet. Given the presence of Sb-125, the conclusion is that
after the contaminant front moved through this zone a stable residual of Sb-125 and Co-60 remain.

The gross gamma contribution ratio of Sb-125 to Co-60 is 6.5 as of 4/20/94.

As the contaminant front moves below 62 feet, there is clear indication of possible hang-up at 62
feet. Therefore, a grade thickness product was computed for 62 to 84 feet in order to assess the

later years for stability after the front moved into the zone. This interval covers the deepest depth
for the front advancement, as of the data collection. A match to Co-60 (HPGe identified) is not
clear, and at most only for the last 2 years. This indicates that from 1987 to 1992 there may be

lateral influx into this interval as well as downward movement.

Grade thickness product from 28 to 84 feet is computed that covers all downward movement span
(refer to stack plot). Thus all contaminant intervals is conserved, but the trend does not match an
exponential decay except for possibly 1977 to 1980 for a Co-60 decay. Note also some indication

of very early increase.
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HNF-3 5 32 -REVO

Borehole 22-06-05
Page 2 of 2

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types : 02: Red GM & 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/16/1975
Last Survey Date: 4/20/1994
Number Surveys: 718

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : Threshold 0<val<50

Depth(s) where Contamination Identified 0-8 Tank Farm Activity
in Gross Gamma Surveys: 28-36 Stable

36-50 & 62-84 Unstable early (Downward
Movement)
28-84 Downward movement not conserved

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF:3532 -REVO

Borehole 22-06-07
Page I of 2

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity
Contamination (Cs-137) from 40-52 feet is Unstable Early
Contamination (Co-60) from 52-64 feet is Unstable Early
Contamination (Co-60) from 64-80 feet is Unstable Early

Contamination (Co-60) from 52-80 feet is Unstable Early*
*Zone computed to assess downward movement

Grade thickness product Cs-137 (HPGe identified) from 0 to 8 feet is erratic indicative of tank
frm activities such as transfer line operations.

Grade thickness product from 40 to 52 feet is not consistent with Cs-137 (HPGe identified)

decay from 1975 to 1985. Since 1985 there is no gross gamma indication of contaminant.

Grade thickness product from 52-64 feet is increasing from 1975 until 1980, refer to stack plot.

Since 1985 this interval is decreasing consistent with Co-60 (HPGe identified) until 1994. The

rapid increase is followed by a faster decrease than Co-60 decay until onset of stability near

1985. Note Cs-137 is also HPGe identified, but at too low a level to register on the gross
gamma.

Grade thickness product from 64-80 feet is increasing from 1975 until 1980, refer to stack plot.

Since 1984 this interval is decreasing consistent with Co-60 (HPGe identified) until 1994.

Unlike the upper zone, this zone increases asymptotically to stability near 1984. Note Cs-137 is

also HPGe identified, but at too low a level to register on the gross gamma.

The grade thickness product for the entire interval from 52 to 80 feet is processed to assess the
possibility of downward contaminant movement. Since this complete zone shows an increase

from 1995 to 1980, and stability from 1980 to 1994 there is lateral influx into this total interval.

Also, the onset of stability is sooner than either sub zone indicates some downward transfer of
contaminant between the sub zones.
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HNF-3532 -REVO

Borehole 22-06-07
Page 2 of 2

Gross Gamma Survey Information
Probe Type: 04: NaT

Other Probe Types: 02: Red GM & 03: Neutron
Borehole Depth: 140 ft

Survey Depth: 140 ft
First Survey Date: 1/9/1975
Last Survey Date: 4/20/1994
Number Surveys: 535

Ana ysis Notes
Number Surveys Rejected : 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified in 0-8 Tank Farm Activity
Gross Gamma Surveys: 40-52 & 52-64 & 64-80 UNSTABLE Early

52-80 Unstable early (some downward
movement)

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF:3532 -REVO

Borehole 22-06-09

Contamination (Ru- 106) from 70-90 feet is Unstable Early

Grade thickness product Ru-106 (hypothesis) from 70 to 90 feet is decreasing consistent with a
least squares fit to Ru-106 and a constant background after the initial very short time of

increase from 1975 to 1976.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 02: Red GM & 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/9/1975
Last Survey Date: 5/23/1996
Number Surveys: 709

Anal ysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <= 0
Method Used to Compute Background: Threshold 0<val<50, rest least squares fit

Depth(s) where Contamination Identified 70-90 UNSTABLE Early
in Gross Gamma Surveys :

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

00 277
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HNF-3532 -REVO

Borehole 22-06-11

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity

Grade Thickness Product from 0 to 10 feet is erratic from 1975 through 1986, and is
categorized as Tank Farm activity. Grade Thickness Product from 1986 through 1994 is

decreasing within counting statistics at a rate consistent with Cs- 137 (identified from
HPGe detector).

Gross Gamma Survey Information
Probe Type : 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 R
First Survey Date : 1/09/1975
Last Survey Date: 4/20/1994
Number Surveys : 543

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val <50)

Depth(s) where Contamination Identified 0-10 feet is TF Activity
in Gross Gamma Surveys :

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF:3532 -REVO

Borehole 22-P/-C/

Log Date:

Dry Well Survey Analysis - Notes

Total # Surveys 737
# neutron surveys =
2j- 2-7 it LastII'

Contamination Zone Depth(s):
Isotope from Spectral Survey: . C4 /A?)7 &, fSnrI

r
Probe Type 2 L-
# GR Surveys 7.J
Presentation Plot Dates

rtdiff.tneem -A IUst)

Max Survey Depth

GAPS.Txt
I Survey Date I num. Gaps I num. Samples Comment

HI-ZONES.Txt
Survey Date eason Selected um. Samples Comment,

BackGnd.TxtI Survey Date /Reason Selected num Samples Feq.Clean Avi.Bki Comment

Analysis Notes
fe- t 2 .W C

Analyst Name /7Ar S S/W ver -

00 283
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HNF:3532 -REVO
filein:= "two52-65.txt'

A := READPRN(filein)

N :- last(yr)

co := 5.27

Cs. := acs-e

gross := net

Well 21-06-01

yr:= A l

N =698

Tcs:= 3-10

net:= A<7 >

i:- 0.. N

aco:= 300

bkg := A<6>

k:- 0.. 300

acs := 0

max:= A 4 >'

j :- 0.. 299

y 75) 2 Co.75) A
Co := aco -e' (Y" - X Eu := yr - 75)aeu-e " 1

Tu := I

Eu variables are
Ru-10& aeu:=281

tot. := Co + Eu
Cs variables are U238

This data edited for spurious points

800,

400

200

74 76 78 80 82 84 86 88 90 92 94 96
nr

grossi - al-e (yr
- 75).4) - (Yr - 75)-(2) 2

* +a3-e Vu

ssq(aco,aeu)-0

aco
:=I inerr(aco,aeu)

aeu aco = 300.405
Co-60

aeu = 281.326
Ru-106

yI - 75) - )
:=aco-e ms Eu=

out :=yr out :=tot

75) W2
aeu-e - tot := Coi + Eui

WRITEPRN("twop52-65.txt") :out

= .068
aeu

EuN -N= 1.837.10
Cos

Two comp decay52-85.mcd

rossi

tot
I I I F

0

ssq(al,a3) :-

Given

.l1

Cs

8/22/98

00 284
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HNF.3532 -REVO

'-'Borehole

Log Date:

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Dry Well Survey Analysis - Notes

C4

Total# Surveys 72
# neutron surveys
//-2,-fjl-f Last

GAPS.Txt

I

Probe Type Of 2
# OR Surveys 7) 
Presentation Plot Dates

(Ifdifferent ,m ''& Last)

Max Survey Depth f[P

Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date eason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Av .Bkg Comment

Analysis Notes

Analyst Name Zf~o " '4/zll S/W ver 2.

00 285
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filein := "two36-50.txt"
HNF:3532

Well 21-06-05

A := READPRN(filein)

N :- last(yr)

'co := 5.27

yr:= AC

N = 442

Tcs := 30.17

net := A< >

aco := 42

bkg := A<>

k:- 0.. 300

acs := 0

max := A<4>

j :- 0.. 299

B:= 0

Teu:= 2.77

Eu variables are
Sb15aeu:=2940

- (yr -

Cs:= acs-e

gross := net

800

600-

tot
400 [-

2001-

82

ssq(al,a3) :- E grossi -[ al-e

(yr 75) IrK2)

Coi := aco-e * Eu. :=
-(yr, W-75)

aeu- 1 tot;= Co, + Eu

This data edited for spurious points

86 88
yri

75) 5- (yri
= +a3-e

90 92 94 96

-75).22
= 1

Given

ssq(aco,aeu)=0

yr. : 75 +-2
C T

Co. :- awi -

aco 1
I:= Minerr(aco, aeu)

aeu

yr - 75) ln(2)

out a := yr

aco = 42
Co-60

- (yri - 75) J!2
Eu := aeu-e

outl> := tot

3aeu = 2.94-10
Sb-125

totj := Co + Eu

WRfTEPRN("twop36-50.txt"):= out

Two comp decay36-50.mcd

-REVO

*0

00 0

0

IM'

0.014
aou

EuN
-= 6.517

CON

9/3/98

00 287

Page 1

01
90



filein:= "two28-36.txt

A := READPRN(filain)

N :- last(yr)

Tco := 5.27

HNF73532 -REVO
Well 21-06-05

yr:= A

N = 704

Tcs := 30.17

not := A<7 >

i:- 0.. N

aco := 89

bkg:= A<

k := 0.. 300

acs := 0

max := A 4 >

j :- 0.. 299

B := 0

eu := 2.77

Eu variables are
Sb-125 aeu:= 477

Eu
- (yrj - 75) 2

aeu-e m -1 toti:= Coi + Eu

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
yr.

> grossj - [al -e

ssq(aco,aeu)-0

aco
: Minerr(aco,aeu)

aeu J

75)-" 3-yr-75) 2=" + 03-e- (n m

- - 75) X2

Eui := aeu-e ""

outl> := tot

Two comp decay28-36.mcd

tot := Coj + Euj

WRITEPRN("twop28-36.txt"):= out

9/3/98

00 288

- (yr - 75) W2)
Csi := acs-e =5

grossi := neti

600r

400-

tot.

200 H

6 1 1 1 1 1 1 1 1 1
t o

*

**
00

00

* 0

2-n

ssq(al,a3) :

Given

1-1

aco = 89
Co-60

Csi :=aco-e

out< "

aeu = 477
Sb-125

:=yr

tco- = 0.187
aeu

EuN
-=0.542

CoN

Page I

-yr-75) X )
Co, := aco-e- (Y" - w

0

(yri -- 75) hK 2



HNF-3532 -REVO

,Porehole - 9 2

Log Date: JIs/- '. l"

Contamination Zone Depth(s):

Dry Well Survey Analysis - Notes

Total # Surveys ;~Yc
# neutron surveys
4-12 -k Last

Isotope from Spectral Survey: C5 4 'rc

Probe Type V 7
# GR Surveys 4~7-
Presentation Plot Dates

(If diff nt fvm I" & Last)

Max Survey Depth )y/?

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected urn. Samples Comment

BackOnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bk I Comment

Analysis Notes

Analyst Name t ~~r< S/W verTA6AYr 2 j.',

00 d.89



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

1''

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Total # Surveys /
# neutro eys 57

Last

C4 It-a 71 SA;

Probe Type 0 1/ 2-
# GR Surveys 709
Presentation Plot Dates

Ofarifenutm) j & Lt)

Max Survey Depth
too

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

_____ ____ ___ ~ & i n~eq7/ 5'nct

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean I Avg.Bkg Comment

Analysis Notes

Analyst Name t S/W ver .

00 230

,'%orehole k - D4 9

Log Date: ~- ___

If

A ,0717 16"



filein:= "two7O-90.txt"

HNF:3532
Well 21-06-09

A:= READPRN(filein)

N : last(yr)

yr := A

N =649

net:= A >

i :- 0.. N

bkg := A< >

k :- 0.. 300

max = AC4>

j :- 0.. 299

co := 5.27 Tcs := 3 99sI,

- -75) !2-
Cs := aes-e

gross := net

800

600 F-

gross

0
tot1

4001f

200 F-

0

aco:= 00

Co.yr- 7) aoe
Co . := aco-e *

acs:= 43

- (yrj -75) 2
Eu := aeu-e "" -

This data edited for spurious points

74 76 78 80 82 84 86
)Ti

Eu variables am9
RU-1 06 aeu:=986

tot := Csi + Eu
Cs variables are U238

88 90 92 94 96 98

[ -yr--75) 
b )

ssq(al,a3):- grossi- a i- =S

Given

ssq(acs,aeu)s0

- (yri - 75) n
M"+a3-e

1-1

aes
= C Minerr(acs,aeu)

aeu

- ( 7 5 ) -
acs:e

out :=yr

acs = 43.037
Background

- 5ur - 7 )
Eu, := aeu-e- "r -

out> := tot

Two comp decay7a-90.mcd

aeu = 982,617
Ru-106

toi := Cs + Eu

WRITEPRN("twop.txt") := out

8/23/98

00 291

-REVO

Teu := I

I I I I

I I

0

0
* 0

*

0

I I

]J 2

CS

acs-= 0.044
aeu

EuN 6( = .28.10

Page 1



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole 61(2.---/)

Log Date: 15-01/-09 19t

Total # Surveys y'9
# neutron surveys 1
l%-o5'-Zo Last

Isotope from Spectral Survey: C s-/-7 /o -37r) ! /= /
Contamination Zone Depth(s): 0 -/6,c -r

Probe Type 17-
# GR Surveys $5t3
Presentation Plot Dates

(If different from 1" & Last

JLz Max Survey Depth /O

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

74-07-2,1 ey Y 5"

17-O-1 2- Z,7 7Q
19-4t--t7 I/ k 9) __________________

27-61-2-7 Y /
HI-ZONES.Txt

Survey Date Reason Selected approx #Samp's 'Comment

'7T-04' -/-k1 Alnc-

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

74-&7- % &wAD fl- j 59 _0% z 9,

76-o -Of 117. 9,7 //17% '% jr

72-i gi tZA z Z6444.,, 75- f77S 34_
77-P-e; Aup.- s I _ / % .3 .6

7 I-i -,o- Aa/6- 4k &I /-7 9?? 3 'y
71-10-3 4, & /k t 1 9 S7% 3 3-z 7

Analysis Notes
num surveys rejected: (0) Z-/2 -O Background = (O<val<50)

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name a S/W ver (TFGROSS)

00 292

b/2'- 26



HNF-3532

Borehole 22-07-01

Contamination (Cs-137) from 0 to 10 feet is Tank Farm Activity
Contamination (Cs-137) from 40-52 feet is UNSTABLE

Contamination (Co-60) from 52-70 feet is Stable
Contamination (Co-60) from 70-92 feet is Stable

Grade Thickness Product from 0 to 10 feet is erratic from 1975 to 1986, and is
categorized as Tank Farm activity. Then from 1986 to 1995 the Grade Thickness Product

is decreasing within counting statistics at a rate consistent with Cs-137 (identified from
HPGe detector).

Grade Thickness Product for radioactive zone (40-52 feet) shows a consistent
INCREASE from 1975 to mid-year 1976, then from 1976 to 1979 a decrease is shown

that is not consistent with the decay rate of Cs-137 (identified from HPGe detector). The
contaminant responsible fir much of the gross gamma may be other than Cs-137, but

moved out laterally, since the lower zones are stable. After 1986 the Grade Thickness
Product is essentially at background activity.

Grade Thickness Product for the two radioactive zones (52-70 and 70-92 feet) is
decreasing within the gross gamma sensitivity at a rate consistent with the decay of Co-60

(identified from HPGe detector) between 1975 and 1994.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (7 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 4/22/1994
Number Surveys: 242

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 10 to 40 feet

Depth(s) where Contamination Identified in 0-10 feet is TF Activity
Gross Gamma Surveys: 40-51 feet was UNSTABLE

1 52-70, 70-92 feet is Stable

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific

00 293

-REVO



C C

0

10

20

30

40

C

Borehole 22-07-01
01/10/75
Gam (cls)

o 100 200

(WMS LIM

0 250 (c 0
Gwmma (des)

1975

Ia
'C

1 50
0 40

e 20

40

41,oo

0

1980 1985
Date (Year)

1990

0

10

20-

30

Depth: 0-10 ft
0a

0 0

0 Cs-137 Decay Line
0 0

0

C
C

'C
3.
C
C

1995

* uP.... ++ 4 4+ 4+-

Anst bW. Thre RIvera Soemnf

I

U

I
Gig
I
I
0

C

100

0 250 60
Gamma (ICS)

50

60

70

so

90

40

soI.
0

70

80

90

100

04/22/94
Gamma (c/s)

100 200
(Naow Urn)

-I

0



C

0

10

201

30

40

Iso
60

70

90-

100-

(7

0 20 600
Gamma (Cis)

C

Borehole 22-07-01
01/10/75
Gamma (ci)

0 100 200
Lm)

(WW

I'C
~40
~30

220
10

10

0
20

0

1980 1985
Date (Year)

1990

0

10

20

30

40

Depth: 40-52 ft
0

080

SII'
4
L ~
o

0
00 o
0

0 Cs-137 Decay Line
'p
4

o 0

0
0

0 K

1995

~- - *

I
I-

so

70

80

90

100

Analysi by: 11,. ftlvr ScienUf

04/22/94
Gamma (of)

0 100 200
(Naffow Lim)

jWid. Urn)

o 260 600
Gamma (Cd)

7M
is

C)

!

so

1975



96z 00

Depth (feet)
S a 8 8

Frequency
Clean (%)L

Ot 9 8 a 8 8

I

Si
I
I

Average
Background (c/s)

S898 8

-4-

p

Grade Thickness Product (feetc/s)
25000

Ca,
4
0

5.

i
C"

Depth (feet)
Q 8 V2

OAJH 8-

S S a S
a

-g

I
I

a
C>

9 1
0
U-

0

(Sn

5

0 9

0)0

00

000

wv
0

0
CD
1%)

'0w

a

ii
'I

8 S

'I a,
II

St

C

Q



(

0

0 250 500
Ganm WSi)

0

C

Borehole 22-07-01

Depth: 70-92 ft
10

01/10/75
Gamma (>ft)

100 200

n ue)

1985
Date (Year)

1990

20-

30-

40-

50 -

60

70

0

10

20

30

40

.S

1995

I

U

C

2
0

C

Analysis by-. Thre. Rivers Solanifo

04/22/94
Gamma (d

o 100 200

(Ndo une)

o 2 0 500
Gamma (c/a)

C

Co-60 Decay Line

0
* o

0

00

00

1975

0

40

H230

to 20

0

-I-* f+ + 4 4

60

70

80

90

100

80-

90

100-

m



C
Borehole 22-07-01

1985
Date (Year)

( C

0-

10-

20-

30

40-

50-

60-

70-

U-

C)
a,
4-

U-
C.a)
0

80-

90-

100-

4

1975 1980 1990 1995

m
C



HNF:3 5 32 -REVO

Borehole 22-07-02
page 1 of2

Contamination (Cs-137) from 6 to 20 feet is Appears Stable
Contamination (Co-60) from 42-53 feet is UNSTABLE
Contamination (Co-60) from 53-70 feet is UNSTABLE
Contamination (Co-60) from 70-82 feet is UNSTABLE
Contamination (Co-60) from 82-95 feet is UNSTABLE

Grade Thickness Product for the low level radioactive zone from 6 to 20 feet appears to
be decreasing within counting statistics at a rate consistent with Cs-137 (identified from

HPGe detector), except for 1976 when the Grade Thickness Product was below the decay
line.

Grade Thickness Product for radioactive zone (42-53 feet) has a significant INCREASE in
1975, then from mid year 1975 to 1980 the rate of decrease is significantly greater than
the decay rate of Co-60 (identified from HPGe detector). In 1980 a large step change in

the Grade Thickness Product occurs. The Co-60 decay line is plotted to show the activity
in the radioactive zone does not match the decay rate.

Grade Thickness Product for the radioactive zone (53-70 feet) is slowly INCREASING
from 1975 to 1979, then in 1979 a large and rapid increase occurs, followed by a rapid
decrease to 1983. The stack plot shows the rapid occurrence of a radioactive zone that
coincides with the depletion of the radioactive zone from 42-53 feet. The decay line for

Co-60 (identified from HPGe detector) is plotted but does not match the Grade Thickness
Product.

Grade Thickness Product for the radioactive zone (70-82 feet) is decreasing within the
gross gamma sensitivity at a rate consistent with the decay of Co-60 (identified from
HPGe detector), except from 1980 to 1987. In 1980 an INCREASE in the Grade

Thickness Product occurs, then from 1981 to 1987 the rate of decrease is much greater
than the decay rate of Co-60.

Grade Thickness Product for the radioactive zone (82-95 feet) is decreasing within the
gross gamma sensitivity at a rate consistent with the decay of Co-60 (identified from

HPOe detector) during two time intervals (1978-1982 and 1987-1995). During the other
times (1975-1978 and 1982-1987) an INCREASE followed by an extended period of

accelerated decrease was recorded.

00 299



HNFr3532 -REVO

Borehole 22-07-02
page 2 of2

Grade Thickness Product for the combined radioactive zone (42-95 feet) has two periods
of rapid INCREASE (1975 and 1979) followed by two periods of accelerated decrease

(1976-1979 and 1980-1987), indicating that two releases of radioactive materials
occurred.

Gross Gamma S"rvey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (6 surveys)
Borehole Depth: 97 ft

Survey Depth: 97ft
First Survey Date: 1/09/1975
Last Survey Date.: 4/22/1994
Number Surveys: 336

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: 20 to 40 feet

Depth(s) where Contamination Identified in 6-20 feet is appears Stable
Gross Gamma Surveys: 42-53, 53-70, 70-82, 82-95 feet is

UINSTABLE

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific

00 300
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HNF-3 5 32 -REVO

Borehole 22-07-05
page 1 of 2

Contamination (Co-60) from 40-57 feet is UNSTABLE
Contamination (Co-60) from 57-65 feet is UNSTABLE
Contamination (Co-60) from 65-78 feet is UNSTABLE

Contamination (Co-60) from 90-100 feet is Undetermined

Grade Thickness Product for radioactive zone (40-57 feet) is decreasing at a rate that is
much greater than the decay rate of Co-60 (identified from HPGe detector) from 1975 to

1983. The Co-60 decay line is plotted to show the activity in the radioactive zone does
not match the decay rate.

Grade Thickness Product for the radioactive zone (57-65 feet) is decreasing within
observed systematic limitations at a rate consistent with the decay of Co-60 (identified

from HPGe detector) during two time intervals (1975-1979 and 1986-1995). However,
from 1979 to 1986 an INCREASE followed by an elevated decrease in the Grade

Thickness Product occurred. The stack plot shows the migration of contamination down
through this zone.

Grade Thickness Product for the radioactive zone (65-78 feet) is decreasing within
observed systematic limitations at a rate consistent with the decay of Co-60 (identified

from HPGe detector) during two time intervals (1975-1982 and 1988-1995). However,
from 1982 to 1988 an INCREASE in the Grade Thickness Product occurred.

Grade Thickness Product for the radioactive zone (90-100 feet) is erratic from 1975 to
1985. Surveillance logging activities were not designed to monitor low contamination

levels near the surfhce or bottom of the borehole. Grade Thickness Product from 1985
through 1994 is decreasing within counting statistics at a rate consistent with Cs-137

(identified from HPGe detector).

Grade Thickness Product for the combined radioactive zone (40-78 feet) is decreasing
within observed systematic limitations at a rate consistent with the decay of Co-60

(identified from HPGe detector) between 1975 and 1994, indicating that no additions to
the radioactive materials occurred while the contaminants were migrating through the

vadose zone.
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HNF-3 5 32 -REVO

Borehole 22-07-05
page 2 of 2

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (5 surveys)
Borehole Depth: 97 ft

Survey Depth: 97 ft
First Survey Date: 1/09/1975
Last Survey Date: 4/22/1994
Number Surveys: 238

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: 10 to 35 fret

Depth(s) where Contamination Identified in 40-57, 57-65, 65-78 feet is UNSTABLE
Gross Gamma Surveys: 90-100 feet is Undetermined

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNFt3532 -REVO

Borehole 22-07-07

Contamination (Cs-137 & Ru-106 & Sb-125) from 30-54 feet
is UNSTABLE

Contamination (Co-60 & Sb-125) from 80-98 feet is UNSTABLE

Grade Thickness Product for radioactive zone (30-54 feet) is decreasing within the gross
gamma sensitivity at a rate consistent with the decay of Ru-106 and Sb-125 (both

hypotheses) and Cs-137 (identified from HPGe detector) from 1975 to 1980, then in 1981
the Grade Thickness Product decreases rapidly in a few months to background levels.

Grade Thickness Product for the radioactive zone (80-98 feet) is INCREASING in 1975
then from 1976 to 1983 has an erratic rate or decrease. The rate of decrease (since 1983)
does not clearly identify the radionuclides that may have been present, other than Co-60

(identified from HPGe detector). The presence of Sb-125 (hypothesis) is considered
because of its probable presence in the shallower zone and other boreholes in this Tank
Farm. Two decay lines are presented. The decay line for Co-60 shows stability since

about 1990. The decay line for Sb-125 and Co-60 shows stability since 1983.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (2 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 4/22/1994
Number Surveys: 225

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 55 to 80 feet

Depth(s) where Contamination Identified in 30-54 feet is UNSTABLS
Gross Gamma Surveys; 80-98 feet is IM51AMLj

Analyst Name: R. Price
Analysis By: Three Rivers Scientific
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HNF-3532 -REVO

Borehole 22-07-09
page 1 of 2

Contamination (Cs-137) from 0-9 feet is Tank Farm Activity
Contamination (Cs-137) from 9-17 feet is Stable

Contamination (Cs-137) from 17-36 feet is Appears Stable
Contamination (Cs-137) from 62-74 feet is UNSTABLE
Contamination (Co-60) from 74-84 feet is UNSTABLE
Contamination (Co-60) from 84-94 feet is UNSTABLE

Contamination (Co-60) from 94-100 feet is UNSTABLE

Grade Thickness Product from 0 to 9 feet is erratic in 1975 and from 1982 to 1986, and is
categorized as Tank Farm activity. Grade Thickness Product is decreasing within

counting statistics in two time intervals (1976-1982 and 1986-1994) at a rate consistent
with Cs-137 (identified from HPGe detector).

Grade Thickness Product for the radioactive zone (9-17 feet) is decreasing within the
gross gamma sensitivity at a rate consistent with the decay of Cs-137 (identified from

HPGe detector) between 1975 and 1994.

Grade Thickness Product for the radioactive zone (17-36 feet) appears to be decreasing
sensitivity at a rate consistent with the decay of Cs-137 (identified from HPGe detector)
except prior to 1981. The gross gamma activity is at the 30,000 counts per second rate

which may be beyond the linear region of the counting system.

Grade Thickness Product for radioactive zone (62-74 feet) is INCREASING from 1975 to
mid-year 1976 then is decreasing at a rate that would appear to be stable contamination.

However, the stack plot shows the migration of contamination out of this zone (i.e.
vertical movement to lower depths), therefore, fitting the decrease in grade thickness
product to a radionuclide decay would be incorrect since movement is apparent. The

grade thickness product fits the decay of Cs-137 (identified from HPGe detector) from
1987 to 1995.

Grade Thickness Product for the radioactive zone (74-84 feet) has two time intervals of
INCREASING radioactivity (1975-1978 and 1980-1952) followed by decreases. The

decrease would appear to be stable contamination, however, the stack plot shows
migration down from this zone to the lower zones. Therefore, fitting the decrease in

grade thickness product to radioactive decay would be incorrect even though the decrease
is consistent with the decay of Antimony-125 (hypothesis) and Cobalt-60 (identified from

HPGe detector). The grade thickness product does not fit the decay of Co-60 (HPGe
identified) until very recently from 1990 to 1995.
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HNFr3532 -REVO

Borehole 22-07-09
page 2 of 2

Grade Thickness Product for the radioactive zone (84-94 feet) shows background activity
from 1975 to 1982, then INCREASING radioactivity from 1982 to 1985. The Grade
Thickness Product has been decreasing from 1989 to 1995 at a rate consistent with the
decay of Co-60 (identified from HPGe detector) within observed systematic limitations.

Grade Thickness Product for the radioactive zone (94-100 feet) shows background
activity from 1975 to 1984, then INCREASING radioactivity from 1984 to 1986. The

Grade Thickness Product has been decreasing from 1990 to 1995 at a rate consistent with
the decay of Co-60 (identified from HPGe detector) within observed systematic

limitations.

Grade Thickness Product for the combined radioactive zone (62-100 feet) shows three
time intervals of INCREASED radioactivity (1975, 1980,1984). The Grade Thickness
Product has been decreasing within observed systematic limitations at a rate consistent

with the decay of Co-60 (identified from HPGe detector) from 1990 to 1995.

Gross Gamma Surv Information
Probe Type : 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

SurveyDepth: 100ft
First Survey Date: 1/09/1975
Last Survey Date: 4/22/1994
Number Surveys : 393

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: 40 to 60 feet

Depth(s) where Contamination Identified in 0-9 feet is TF Activity
Gross Gamma Surveys: 9-17 feet is Stable

17-36 feet Appears Stable
62-74, 74-84, 84-94, and 94-100 feet
are UNSIABLE

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNFn3532

Borehole 22-07-10

Contamination (Cs-137) from 0-6 feet is Tank Farm Activity
Contamination (Cs-137) from 6-12 feet is Stable

Contamination (Cs-137) from 12-20 feet is Stable
Contamination (Cs-137) from 20-30 feet is Stable
Contamination (Cs-137) from 30-44 feet is Stable

Grade Thickness Product from 0 to 6 feet is erratic for the 20 years of surveillance
logging. The decay line for Cs-137 (identified from HPGe detector) is shown on the plot

but is not fitted to any set of survey data.

Grade Thickness Product for the four radioactive zones (6-12, 12-20, 20-30, and 30-44
feet) is decreasing within the gross gamma sensitivity at a rate consistent with the decay of

Cs-137 (identified from HPGe detector) between 1975 and 1994.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth : 97 ft

Survey Depth : 97 ft
First Survey Date: 1/09/1975
Last Survey Date: 4/22/1994
Number Surveys : 356

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <-0
Method Used to Compute Background : 45 to 70 feet

Depth(s) where Contamination Identified in 0-6 feet is TF Activity
Gross Gamma Surveys: 6-12, 12-20, 20-30, 30-44 feet are Stable

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific

00 334
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HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole 0 (22-07-0/)

Log Date: 75-ol I A

Total # Surveys Z 4,f
# neutron surveys 7
?'-o't-pz Last

Isotope from Spectral Survey:
Contamination Zone Depth(s): 0 - / , -5-z, .5 --7y

Probe Type 0 
#GRSurveys z4z 2-
Presentation Plot Dates

(If different from 14& Last)
Max Survey Depth /0o

7C9 --7L

GAPS.Txt
Survey Date num. Gaps approx #Sampl, Comment

7 1-3-is Lz q 9' '2
/0 ~

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

(-- r-i A y ~1
-77-/7 -660 Lee.- '0D

7 1-ij-a'1 HI-B< G /00

q'--L:e rW iL - /o --o-

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment
'I -- ±, /-}v& oI& ito 4-f2z 3 (5
7h-t>-2c 0/ 'L.. 17 Lt % 3-1o
77-(Z-v Ay -x 3- 2q % 4'l- /

7o Z. 26' 5"e, 37
TI -L 14C--e 1 2- 1 g 5-&a7. 4

Analysis Notes
num surveys rejcted: (0) 0i 0 Background 0

0r- T2w rr - rA /,- f r R44t 1AM ,97 ra'gv Mn O49- Ar f9tsoicrg4 M70 4 t-nrc,'d&r WY _7r1

5 1 79 A7 S-mrpOat 4-taalC - 3-
52- 70r' S r 4 -y

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name_

00 342
S/W ver (TFGROSS) t/z 2,Z



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Boreholet 6!-2 7- t)t

Log Date: St_/-_____

Total # Surveys 3 y''-Z-
# neutron surveys 46
9 ?-O Y- Z Last

Isotope from Spectral Survey:
Contamination Zone Depth(s): 47 -' ' 2 -- 3, - 70,

Probe Type & 9
# GR Surveys 33o.
Presentation Plot Dates

(If diffirent from I- & Last)
Max Survey Depth Z7L

7e -g P - 7s-

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment
7,5-o 9-Z / 4f /00
7LO-Mt 2-0 q5'

7 1-6>%f qq /M

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

7b-O~ -OA ivc too. 9

7 -o 4z Y 34 /-q 4 -
7-f-/lo-0J /P fy d,-; /or,
7 --/Z-px 2 A 9-,)

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment
- -_ -- V /2- / yf "1f.3

77-cc-Or Ama~ zO i '7_____________
7 f-li-of C k 100 /7 % 4f 3, F
7 9-/z- /tP16A -A t L 32-9 24L 3

R5t2f-zo 5 t CC5#W 17 g 32,4 __________

Analysis Notes

nun surveys rejected: (0) 74fe Background = (0 4 )-700
-- 5 .p< ?L-0 r i tu-i , v4'04J ) /. 4-4 ( IA'A' ThU./AYKU/* Mo nt 4A1 Or A
P0M r&nlr (n!;3- T2rr) 17g 'v

Caeoyin t, Fi4ev fdtmy 4 7f 1de 4er- mc 7d /n C-H ANGE A

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name S/W ver (TFGROSS) Va.10 .

00 343



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole O(22-7-ds) Total # Surveys Probe Type e Y
# neutron surveysz -i # GR Surveys 238

Log Date: I50&~ i" 9'faz-2. Lst'~~ Presentation Plot Dates
(If diffcrcntffom lst& LUs)

Isotope from Spectral Survey: Of Max Survey Depth )

Contamination Zone Depth(s): 4N-.57 S-7- 4 S 4t7- i - /00 y

GAPS.Txt
Survey Date num. Gaps approx #Sampi'4 Comment

1L&425 At 7
'-bo i--' -j 3 j 90

I - 0-7- 2- Lt 100o

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

7 fr(>--/ Ao ?AaZ.A /Lgz
74 -65 -2- *0 Iaoor- 6ff d)_
7t-o7-zw /i A>. At'o
7 1-0!-61 |-r/r /S

1'4 '2-A6h/c /0

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

-13' - -L '% 6 -f,/ I '? f -/% 7z3 4,.f'-it;-s 'ZcLEAVy 9,, 'vi *7,, _

'I -pq-2f 7 .- _ L -3 _ _

-7W7-62 6 2UU0 B 3_ _

7K-If-c Av d iC 6A It40.,

Analysis Notes
numsurveysrejected:(0) 2' AC) Background= ( <9MQ50) /O-35

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name_ __ _ _ S/W ver (TFGROSS) V2.--

00 344



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole 3YlZz-07- 0 7

Log Date: 7J--0 I'

Total # Surveys 2.2 7
# neutron surveys 2-

9' P-22 Last

Isotope from Spectral Survey:
Contamination Zone Depth(s): ~1-rq

Probe Type 4 e
# GR Surveys Z2-
Presentation Plot Dates

(If difftrent from 1" & Last)
Max Survey Depth /f

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

7 7-t'z-63 J-I~- / / t

.. i i 2 L 75'_ _ _ __ _ _ _ _ __ _ _ _ _

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

71-O-2 749 ' L-qt - 30 A~ / 3 7-)
71-/ 2-07 A.O,' itc /R"
77-oeQ 9; 640 Lec tt1

~77--641-04 -SOOee fx 7

IV l9--ag-]OA 6" 10C- I M?

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment

--- 12-O-o AV/& 6JCC- 9, 6 b6 7 3..
-1 7-02-03 Av6- 6k- 9 7 1g 3 2 -

'7L/4 - 't//, 6<& q 4 ~7) c k_/ _

0-o-03 t..-?s 30 s t 3/, _

9'r-tr- 2z 41r 6Li,-, 1 &7 8' 1 ?9__ __ __ _

z-oan'& M5'~-r; --r 7 F-A-r C-CWttS Fir 7//'f7y= S=zt4o
Analysis Notes at.O

numn surveys rejected: (0) zg6o Background = 0) 55'- Tb
C - c - -ro' aO Sr--6,r , -3/-3e4-)

((p~,%- a-34Ar 6-7o,') ec'/1Ak&- =-Q Id7; y4c a ffdo ig dcc X4~>~Rsut7 r: liF IK6& 4 e.~-
L I Lev- 56be*..j W/ ewug.,

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name & -,..

44t /0 -- ' 0,/ , -r /fy

S/W ver (TFGROSS) V7- 2z

00 345

&-OA.4)' r'Cr-c6A(sc-t Pcrc- 7 
n nt At 2 S t. tittTOSi

-1*~~f <AO P4 067 Ae, -.- itz



HNF:3532 -REVO

Dry Well Survey Analysis - Notes

Borehole 6 Y(2. -O 7-6l)

Log Date: 75-01-09 1s

Total # Surveys 'L fi
# neutron surveys '1
9Y-OV/-z-. Last

Isotope from Spectral Survey:
Contamination Zone Depth(s): 6-LT 7. 7,/7- 36 . Z- 7

Probe Type ' E
# GR Surveys 39.3
Presentation Plot Dates

(f difrent from i t & Last)
Max Survey Depth //e

7- 7

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

S-owr-/ 30 /00
HI-ZONES.Txt

Survey Date Reason Selected approx #Samp's Comment
1>C 2-1 AM LOI~ /70

7S'ff t -a flRAP t-ac -_ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _

iko L, - .4 0 La 6- a 6n
11-408-/o 44 &D6- foebt3-O 'e - 1 hr..A -5  /0 __ _ _ _ _ __ _ _ _ _ __ _ _ _

/ 77-02 -G3 -23 #

BackGnd.Txt
Survey Date Reason Selected num. Samples Fg. Clean Avg. Bkg Comment
71-ot-zg %iC*IAv 91 3% 24. _

77-02-03 %aqv 1 A7 Mo
/1-fn-dj A-VC n& q 395 9s2,o
7I-iZ-6 AT-&&- yk 4 7% e,-2.m 6- -r.6 At_/7- , V
70-10-2 % C-sL J 2'4 -2, ~1_1_1%__It

ev - a/-fs %rcI V, r-x -3,r% Ie.
V-_-o___ qCqm,&E 35% I3.3

_'_-_-2 f__-___ 9 0% 0,9 _ _ _ _ _ _ _ _ _

Analysis Notes
num surveys rejetd: (0) Z/-/ Background =0 <50) 619 -60

Cter- (b TFr ptty, Undzermned,,CHANGE
4~~,~ -f 6*? FYT ttt fA4 wo~Y rt

Catgoy:(Stable, TF Activity, Undetermined, CHANGED

Analyst Name S/Wver(TFGROSS) /z2Z0 .

00 346



HNFn353 2 -REVO
filein := "GTP62-74.txt" Well 22-07-09

A := READPRN(filein)

N := last(yr)
yr:= A <>
N = 291

net:= A<
i:= 0.. N

bkg:= A< 6 >
k := 0.. 300

rcs:= 30.17 tco := 2.77

acs := 80

-(yr - 75 1
Csi := acs-e

grossi := net

aco := 1200

n(2)

WS Co : acoi

Teu := 1.02
Co variables are

aeu:= 4000 Sb-125
7rygt arn01!re,,

yr -7 ) - yri - 75)(yre E 75)u :=_u-." .

e o Eu.:= aeue XCU .1 toti := Cs - Eu. + Co

This data edited for spurious points

gross.

tot

2500

2000

1500

1000

500

0

ssq(a1,a3,a2)

76 78 80 82 84 86 88 90 92 94 96
yr

grossi -[ al-e-
(r-75). !5.rcS

75)11( 2

+ - (yr
-75 )2 -(yrTeu + a2-e

Given

ssq(acs,aeu,aco)m0

Minerr(acs,aeu,aco)

101 2m2

acs = 57.073 aeu =3.6-10
Ru-10

-- --

aco = 1.484-10 3

Sb-125

- (:i - 75) n(2)
Cs; := acs-e =S Eu.:= aeu-e- (yr - 75) ;C - (yri - 75) ,S

Co := aco-C

tot = Cs; + Eu + Coi

out <> := yr out := tot

ThreeCompDecay.mcd

WRITEPRN("twop44-52.txt"):= out

EuN -4
- = 1.969-10

CSN

8/24/98
00 7347

ma A 4
=0.. 299

0

0

0

0%0

acs

aeu

aco

acss - 0.016
aeu

Page 1

i



HNFn353 2 -REVO
filein:= "GTP74-84.txt" W ell 22-07-09

A:= READPRN(filein) yr:= A net= A <7 > bkg:= A<>

N := last(yr) N =96 i:= 0.. N k:= 0.. 300

1st Isotope is Ca 27yrs) rco:= 5.27 aco := 1000

2nd Isotope is Sb (2.77 yr) x2:= 2.77 a2:= 4400

Coi :=
y-75) A

aco-e " X21 := a2-e
(yri - 7 r2

max:= A

j =0.. 299

tot := Coi + X2i

gross := net i

1500 -

1000 -

0
tot.

500 -

0-
80

ssq(aI,a3):=

This data edited for spurious points

82 84 86 88
yr,

-(yrie - 75) - (yr - 75) 2]
grossi - al -e Teo + -e T21

Given

ssq(aco,a2).0

[ace1 I =Minerr(aco,a2)
u2J1

-(yr1 - 75) 11(2

Coi := aco-c wo

out< > := yr 0

*2

2aco =21-10

-yr, - 75 In2

X2i := a2.e- --j

)Ut< > := tot

2=4.405-10 3

_,,b 25- (CO
= 0.227

a2
tt: Co +- X2:

WRITEPRN("twop.txt"):= out

CoN
-Rt 2.246/

Ratio Co/Sb XN

Co-2nd-Decay.mcd 8/24/98 Page 1
00 348

00
0 0

0

* 0 o

00, o

90 92 94 96

1-1

i i



HNF-353 2 -REVO

Dry Well Survey Analysis - Notes

Borehole H 0 /10)

Log Date: 1S-0f-691't

Total # Surveys 3 (o V
# neutron surveys d-
qv.4?rz. Last

Isotope from Spectral Survey: . 0 -_______f_7 , _____2 e _____

Contamination Zone Depth(s): &4, /Z,/2 -2. Z.t3' 3

Probe Type 0 L
# GR Surveys 3S-6
Presentation Plot Dates

(If diffirentfrom l&Last)
Max Survey Depth 7

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

~s-/z- z /o .7 ?

7 u-eqs- 2/ ' /' 'I _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

10-bt -1 f- 5
fr-b-&3 /r /'O,90

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

7r07-Z DM W "- 9o10
7 7-67-o'r 7ae Ali. /Ob 6a

7 9-/h0 /t- /

74-dr- z -*c, AQr- 1a I

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment

75-0"z ca &C F 53 % 37-2-

7It Y-Za L'37C% e - T/ 3 7 f 2- _ __f

76-o-± q-6 a/ -7 ~ _'_ -3_

&C-w/Ar- YC- I4 '-r; - 57 ,

-1--- v z. 'Vt-Ak 9,576Z j.M O-4
-7-/- L4. Ar,-IAr-. '13 5-f V
I 0-f O-Zf .to Sxc- IW "e 4 f?-, 7__________

Analysis Notes
num surveys rejected: (0) ~Z-fp Background = (Q5 ) 4y(-5- 7

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name S/W ver (TFGROSS)

00 349



HNF-3532 -REVO

Borehole 22-08-01
page 1 of2

Contamination (Cs-137) from 0-12 feet is Tank Farm Activity
Contamination (Co-60 & Sb-125) from 22-32 feet is Stable
Contamination (Co-60 & Sb-125) from 32-42 feet is Stable
Contamination (Co-60 & Sb-125) from 42-59 feet is Stable

Contamination (Co-60 & Sb-125) from 59-82 feet is UNSTABLE
Contamination (Co-60 & Sb-125) from 82-95 feet is UNSTABLE

Grade Thickness Product from 0 to 10 feet is erratic from 1975 through 1986, and is
categorized as Tank Farm activity. Grade Thickness Product from 1986 through 1994 is

decreasing within observed systematic limitations at a rate consistent with Cs-137
(identified from HPGe detector). The gross gamma activity is at the 30,000 counts per

second rate, which may be beyond the linear region of the counting system.

Grade Thickness Product for three radioactive zones (22-32, 32-42, 42-59 feet) is
decreasing within the gross gamma sensitivity to each isotope and relative intensity at a

rate consistent with a least squares fit of Sb-125 (hypothesis) and Co-60 (identified from
HPGe detector) from 1975 through 1994. The least squares fit results in a gross gamma

contribution ratio for Sb-125 to Co-60 of 0.7, 0.1, and 0.3, respectively for each zone, on
June, 1994.

Grade Thickness Product for the radioactive zone (59-82 feet) is decreasing at a rate that
exceeds the decay of Sb-125 (hypothesis) and Co-60 (identified from HPGe detector)

from 1976 to 1979, then is less than the decay rate from 1980 to 1984, and then is
consistent with the decay rate from 1985 to 1995. Movement in this zone is unclear on

the stack plot. The least squares fit results in a gross gamma contribution ratio for Sb-125
to Co-60 of 0.04 on June 1994.

Grade Thickness Product for the radioactive zone (82-95 feet) shows the zone is clean
until 1982, then from 1982 to 1987 the radioactive contaminant is INCRESING. and
begins to decrease at a rate consistent with the decay of Co-60 (identified from HPGe

detector) from 1987 to 1995. This can be seen in the stack plot upon close examination.

Grade Thickness Product for the combined radioactive zone (22-95 feet) is decreasing
within the gross gamma sensitivity to each isotope and relative intensity at a rate

consistent with a least squares fit of Sb-125 (hypothesis) and Co-60 (identified from HPGe
detector) from 1975 to 1995. This indicates the contaminants likely entered the

subsurface in a single event and the contaminant movement is ongoing redistribution. The
least squares fit results in a gross gamma contribution ratio for Sb-125 to Co-60 of 0. 14 in

1995.
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HNF-3 5 32 -REVO

Borehole 22-08-01
page 2 of 2

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (2 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 6/13/1994
Number Surveys: 312

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 12 to 22 feet

Depth(s) where Contamination Identified in 0-12 feet is TF Activity
Gross Gamma Surveys: 22-32, 3242, 42-59 feet is Stable

159-82, 82-95 feet UNpQABLE

Analyst Name : R.K. Price
Analysis By: Three Rivers Scientific
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HNFn3532 -REVO

Borehole 22-08-02
page 1 of2

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity
Contamination (Sb-125) from 20-30 feet is Stable

Contamination (Sb-125) from 44-62 feet is UNSTABLE
Contamination (Sb-125) from 62-72 feet is UNSTABLE
Contamination (Sb-125) from 72-84 feet is UNSTABLE

Contamination (Sb-125) from 84-100 feet is UNSTABLE

Grade Thickness Product from 0 to 10 feet is erratic for the 20 years of surveillance
monitoring, and is categorized as Tank Farm activity. The decay line for Cs-137

(identified from HPGe detector) is shown but does not agrees with any significant number
of surveys.

Grade Thickness Product for the radioactive zone (20-30 feet) is decreasing within the
gross gamma sensitivity at a rate consistent with the decay of Sb-125 (hypothesis)

between 1975 and 1994.

Grade Thickness Product for the radioactive zone (44-62 feet) is decreasing at a rate from
1975 to 1981 that does not fit the decay of Sb-125 (hypothesis) or Co-60 (identified from

HPGe detector). The decay line for Sb-125 is shown as a reference. The stack plot
shows that radioactive materials migrated down, out of this zone.

Grade Thickness Product for the radioactive zone (62-72 feet) is INCREASING in 1975
then decreases at a rate from 1977 to 1988 that does not fit the decay of Sb-125

(hypothesis) or Co-60 (identified from HPGe detector). The decay line for Sb-125 is
shown as a reference.

Grade Thickness Product for the radioactive zone (72-44 feet) is INCREASING from
1981 to 1985 with decreasing rates the other times (1975-1981 and 1985-1995). The

decay line for Co-60 (identified from HPGe detector) is shown as a reference. The stack
plot shows that radioactive materials migrated down, through this zone.

Grade Thickness Product for the radioactive zone (84-100 feet) is INCREASING from
1988 to 1991 with decreasing or constant rates the other times (1975-1988 and 1991-

1995). The decay line for Co-60 (identified from HPGe detector) is shown as a reference.

Grade Thickness Product of the combined radioactive zone (44-100 feet) is decreasing at
a rate that is consistent with a least squares fit of Sb-125 (hypothesis) and Co-60

(identified from HPGe detector) from 1975-1985 and deviates from 1985-1995. The
deviation may indicate added contamination in the zone. The least squares fit results in a

gross gamma contribution ratio for Sb-125 to Co-60 of 0.1 on June 1994.
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HNF:3532 -REVO

Borehole 22-08-02
page 2 of 2

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (2 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 6/13/1994
Number Surveys: 305

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: 10 to 20 feet

Depth(s) where Contamination Identified in 0-10 feet is TF Activity
Gross Gamma Surveys: 20-30 feet is Stable

44-62, 62-72, 72-84, 84-100 are
IpSTALE

Analyst Name: RK. Price
Analysis By: Three Rivers Scientific
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HNF:3532 -REVO

Borehole 22-08-05
page 1 of2

Contamination (Cs-137) from 0 to 8 feet is Tank Farm Activity
Contamination (Co-60) from 36-45 feet is Stable
Contamination (Co-60) from 45-53 feet is Stable
Contamination (Co-60) from 53-63 feet is Stable

Contamination (Co-60) from 63-74 feet is UNSTABLE early
Contamination (Co-60) from 74-84 feet is UNSTABLE

Grade Thickness Product from 0 to 8 feet is erratic from 1975 through 1986, and is
categorized as Tank Farm activity. Grade Thickness Product from 1986 through 1994 is

decreasing within counting statistics at a rate consistent with Cs-137 (identified from
HPGe detector).

Grade Thickness Product for three radioactive zones (36-45, 45-53, 53-63 feet) is
decreasing within observed systematic limitations at a rate consistent with Co-60

(identified from HPGe detector) from 1975 through 1994.

Grade Thickness Product for the radioactive zone (63-74 feet) is decreasing at a rate that
is significantly less than the decay of Co-60 (identified from HPGe detector) from 1975 to
1986. Then from 1986 to 1995 the decrease in grade thickness product is consistent with
the decay rate. The stack plot shows the radioactive contaminants to be migrating deeper

in the formation.

Grade Thickness Product for the radioactive zone (74-84 feet) shows the zone is clean
until 1985, then from 1985 to 1990 the radioactive contaminant is INCREAsING. and
begins to decrease at a rate consistent with the decay of Co-60 (identified from HPGe

detector) from 1990 to 1995.

Grade Thickness Product for the combined radioactive zone (36-84 feet) is decreasing
within the gross gamma sensitivity at a rate consistent with Co-60 (identified from HPGe

detector) from 1975 to 1995.
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HNF7353 2 -REVO

Borehole 22-08-05
page 2 of 2

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
BoreholeDepth: 100 ft

SurveyDepth: 100ft
First Survey Date: 1/09/1975
Last Survey Date: 6/13/1994
Number Surveys: 314

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : 10 to 35 feet

Depth(s) where Contamination Identified in 0-8 feet is TF Activity
Gross Gamma Surveys: 36-45, 45-53, 53-63 feet is Stable

63-74, 74-84 feet was UINSABLE

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3532 -REVO

Borehole 22-08-06
page 1 of 2

Contamination (Cs-137) from 0 to 8 feet is Tank Farm Activity
Contamination (Cs-137) from 8 to 18 feet is Tank Farm Activity

Contamination (Cs-137) from 18-29 feet is Stable
Contamination (Cs-137 & Co-60) from 46-54 feet is Stable

Contamination (Co-60) from 54-63 feet is Stable
Contamination (Co-60) from 63-73 feet is Stable

Contamination (Co-60) from 73-83 feet is UNSTABLE early

Grade Thickness Product from 0 to 8 feet is erratic from 1975 through 1986, and is
categorized as Tank Farm activity. In the radioactive zone from 8 to 18 feet the Grade

Thickness Product from 1976 to 1985 is lower than the other time interval. In both zones
the Grade Thickness Product from 1986 through 1994 is decreasing within counting

statistics at a rate consistent with Cs-137 (identified from HPGe detector).

Grade Thickness Product for radioactive zone (18-29 feet) is decreasing within the gross
gamma sensitivity at a rate consistent with Cs-137 (identified from HPGe detector) from

1975 through 1994.

Grade Thickness Product for radioactive zone (46-54 feet) is decreasing within the gross
gamma sensitivity to each isotope and relative intensity at a rate consistent with Cs-137
and Co-60 (both identified from HPGe detector) from 1975 to 1995. The gross gamma

contribution ratio for Co-60 to Cs-137 was 0.4 in 1995.

Grade Thickness Product for two radioactive zones (54-63 and 63-73 feet) is decreasing
within the gross gamma sensitivity at a rate consistent with Co-60 (identified from HPGe

detector) from 1975 through 1994.

Grade Thickness Product for the radioactive zone (73-83 feet) is roughly constant and
below the radionuclide decay line for 1975, then from 1976 to 1995 the radioactive

contaminant) is decreasing within the gross gamma sensitivity at a rate consistent with
Co-60 (HPGe detector identified). The stack plot shows on close review that the broad

gamma ray peak becomes better defined after 1975.

Grade Thickness Product of the combined radioactive zone (46-83 feet) is decreasing
within the gross gamma sensitivity to each isotope and relative intensity at a rate

consistent with a least squares fit of Co-60 and Cs-137 (both identified from HPGe
detector) from 1975 to 1995. The least squares fit results in a gross gamma contribution

ratio for Co-60 to Cs-137 of 1.1 on June 1994.
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HNF-3532 -REVO

Borehole 22-08-06
page 2 of 2

Gross Gamma Survey Information
Probe Type : 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron 2 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 6/13/1994
Number Surveys: 314

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <- 0
Method Used to Compute Background: 30 to 46 feet

Depth(s) where Contamination Identified in 0-8, 8-18 feet is TF Activity
Gross Gamma Surveys: 18-29, 46-54, 54-63, 63-73 feet is Stable

73-83 feet was UNiTABLE early

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF:3 5 32 REVO

Borehole 22-08-07

Contamination (Cs-137) from 0 to 8 feet is Tank Farm Activity

Grade Thickness Product from 0 to 8 feet is erratic from 1975 through 1986, and is
categorized as Tank Farm activity. Grade Thickness Product from 1986 through 1994 is

decreasing within counting statistics at a rate consistent with Cs-137 (identified from
HPGe detector).

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (5 surveys)
Borehole Depth: 135 ft

Survey Depth: 135 ft
First Survey Date: 1/09/1975
Last Survey Date: 6/13/1994
Number Surveys: 296

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : 20 to 40 feet

Depth(s) where Contamination Identified in 0-8 feet is TF Activity
Gross Gamma Surveys :

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific

90 392
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HNF--3532a

Borehole

-REVO

22-08-09

Contamination (Cs-137) from 0 to 10 feet is Tank Farm Activity
Contamination (Cs-137 & Ru-106) from 72 to 84 feet was

UNSTABLE early

Grade Thickness Product from 0 to 8 feet is erratic from 1975 through 1986, and is
categorized as Tank Farm activity. Grade Thickness Product from 1986 through 1994 is

decreasing within counting statistics at a rate consistent with Cs-137 (identified from
HPGe detector).

Grade Thickness Product for the radioactive zone (72-84 feet) for 1975 was
INCREASING. Then from 1976 to 1995 Grade Thickness Product was decreasing at a
rate consistent with the decay of Ru-106 (hypothesis) and Cs-137 (identified from HPGe

detector). The gross gamma contribution ratio for Ru-106 to Cs-137 was 3.5 on
January 1, 1976.

Gross Gamma Survey Information
Probe Type : 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (2 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/10/1975
Last Survey Date: 6/13/1994
Number Surveys: 403

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 50 to 70 feet

Depth(s) where Contamination Identified in 0-10 feet is TF Activity
Gross Gamma Surveys: 72-84 feet was UNSTABLE early

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF:3532 -REVO

Borehole 22-08-12
page 1 of 2

Contamination (Cs- 137) from 0 to 8 feet is Tank Farm Activity
Contamination (Cs-137) from 25-40 feet is UNSTABLE

Contamination (Co-60 & Sb-125) 40-51feet UNSTABLE early
Contamination (Co-60) from 51-60 feet is UNSTABLE

Contamination (Co-60) from 60-70 feet is UNSTABLE early
Contamination (Co-60) from 70-82 feet is UNSTABLE early

Grade Thickness Product from 0 to 8 feet is erratic for the 20 year surveillance period,
and is categorized as Tank Farm activity. Grade Thickness Product is plotted on a

logarithmic scale to show the variability of the computed results. A decay line for Cs-137
(identified from HPGe detector) is shown but does not fit a significant number of

surveys.

Grade Thickness Product for radioactive zone (25-40 feet) shows a consistent
INCREASE from 1978 to 1980 then a decrease from 1980 to 1983. The decay rate of the
isotope that migrated through the zone (25-40 feet) could not be identified. A decay lilne
for Cs-137 (low level identified from HPGe detector) is shown but does not fit the data.

Grade Thickness Product for the radioactive zone (40-51 feet) is decreasing in 1975 at a
rate that is greater than the decay of Sb-125 (hypothesis) and Co-60 (identified from

HPGe detector), then after 1976 exhibits a reasonable fit to the decay line. In 1982 a
decrease in the Grade Thickness Product is observed. The gross gamma contribution ratio

for Sb-125 to Co-60 was 0.4 in 1995.

Grade Thickness Product for the radioactive zone (51-60 feet) shows a decrease from
1975 to 1980 that does not fit the remainder of the monitoring logs. From 1980 to 1982

the Grade Thickness Product is erratic and increases, then begins to decrease at a rate
consistent with the decay of Co-60 (identified from HPGe detector) from 1982 to 1995.

Downward movement of the contamination may be occurring.

Grade Thickness Product for the radioactive zone (60-70 feet) is greater than the decay
rate of Co-60 (identified from HPGe detector) from 1975 to 1983. Then from 1983 to
1995 the Grade Thickness Product decay rate is consistent with Co-60. The stack plot

shows movement down of contamination through this zone to the next lower zone.

Grade Thickness Product for the radioactive zone (70-82 feet) shows the contaminants to
be INCREASING from 1975 to 1983. Then from 1983 to 1995 the Grade Thickness

Product is decreasing at a rate that is consistent with Co-60(identified from HPGe
detector).
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HNF-3532 -REVO

Borehole 22-08-12
page 2 of 2

Grade Thickness Product for the combined radioactive zone (40-82 feet) is greater than
the decay rate of Sb-125 (hypothesis) and Co-60 (identified from HPGe detector) in 1975.
Then from 1976 to 1995 the Grade Thickness Product rate of decrease is consistent with

the decay of Sb-125 and Co-60. The gross gamma contribution ratio for Sb-125 to Co-60
of 0.04 on January 1996.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (3 surveys)
Borehole Depth: 105 ft

Survey Depth: 105 ft
First Survey Date: 1/10/1975
Last Survey Date: 6/13/1994
Number Surveys: 380

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 10 to 24 feet

Depth(s) where Contamination Identified in 0-8 feet is TF Activity
Gross Gamma Surveys: 2440, 40-51, 51-60, 60-70, and 70-82 feet

was UNSIAT LE

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-353 2 -REVO

Dry Well Survey Analysis - Notes

Borehole 6 Y( 22-os-/)

Log Date: 7Y-0/-of 1 t

Isotope from Spectral Survey:

Total # Surveys 3'' Pr
# neutron surveys _ . #
?1?-n-9-1 Last Pre

.S 1>300y & q14C,/ 2- / '

Contamination Zone Depth(s): 0-/ 2,- 2 r 2 3 jz2.2.

3be Type 0 '7
GR Surveys 3 J
sentation Plot Dates

(if diffcrcnt from 1 & Last)
Max Survey Depth /00'

_/y_2~~~~~5 -- Z--7 ,n~y

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

71P-07-1,/ 4/9-5'
Yo- 0 e-{ 13,5-

93-lz-7 ?, /0

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

, Cs- H, dkc IS V
7 61--4d / / 4 1

3- Z-/7 A4 /? Or /OZ;

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

.I-O L Au. - 6kgi 'S Z1 % 37,
197'j-6Y- L yt~ (-3 Y6% 3 ">
-f10-0 3 Av&4ic.T. 5 30Z t,,

t3~01-'3 #t i t~v 11. 33% -
13-12-i7 1 / / V c- n% 9' T 6 g%

Analysis Notes
num surveys rejected: (0) ZS U Background = / 2 - z.
ZoAt 2 3 -32' Arm CrA Co=7 , 2 O, /r, C= 'L)',

Zo't#q Zi-9Y ( .j')oSos aY'/,e -o'

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name eLt6 t <..-9 h S/W ver (TFGROSS)

00 410



HNF:3532 -REVO

filein:= "two42-59.txt" Well 22-0§-1
A:= READPRN(filein) yr:= A< 1 >

N := last(yr) N =308 i

1st Isotope is Co (5.27 yrs) Too:= 5.27

2nd Isotope is Sb-12 .yrs) 2 2.77

yr - 75) It w*aco-e

net:= A

= O.. N

-(yr-75) (2)
X2.:= a2-e a

bkg:= A<6>

k:= 0.. 300

max:= A<4 >

j := 0.. 299

aco:= 5000

a2 = 21000

tot := Co + X2

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
yr

ssq(al,a3) := [gross - [a.-er
75)J!) -(yr -75) 1 2

* + a3-e T2

Given

ssq(aco,a2)a0

aco
:= Minerr(aco,a2)

a2I

aco = 6.202103

1-1

a2 = 1.952-104

-(yo - 75) c
Co, := aco-e I o

out0 := yr

X2. := a2-e

out<> =tot

Co-2nd-Decay.mcd

toti := Col + X2,

WRITEPRN("twop.txt")

act)
- = 0.318

cx2

X2 N

:=out Sb/Co CON.I

z-t-32 s z =,6t

8/18/98

00 411

Co; : =

gross := neti

4104

3104

gross
0

tot
2-104

0

- 0.

0

6 /99/4)

Page 1

3 2 ". -r , , k j - 0, / 7,



HNF:35 32

filein:='two2 Jd-" Well 22-08-01
A:= READPRN(filein)

N:= Iast(yr)

yr:= A 1>

N =308

1st Isotope is Co (5.27 yrs)

net:= AC 7 >

i:=0..N

Tco:= 5.27

2nd Isotope is Sb-125 (2.77 yrs) 2 := 2.77

- yro - 75a.oc
Co, := aco-e we

X2: n(2)

X2:= a2e~

bkg:= A<6>

k:=0..300

max:= A<4 >

j :=0.. 299

aca:= 6000

a2:= 7000

toti := Co +X2

gross := net,

1.5.104

1.104

groms
0

tot.

5000

0

ssq(al,a3)

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
yr

75)f)]
[as - (yr - 75) - (yri -gross - l- +* +a3 -e

ssq(aco,a2)-0 1-1

[aco1
:= Minerr(aco,a2)

a2 I
aco = 8.634-10

(yri- 75) n)I Teo - (yr1
X2; := a2-e

- 75) 3)

tot := Co + X21

a2 =3.401-10

aco
- = 2.539

c2

outeo := yr out> := tot

Co-2nd-Decay.mcd

WRITEPRN("twop.txt" ) := out
= 0.039

Ratio Sb/Co CON

8/18/98

00 412

-REVO

0

0 000

Qo"08 
o

I I I I1

Given

Co: aco-e

Page 1



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole (-2-S-oz) Tc
#1

Log Date:7- 0/09 

Isotope from Spectral Survey:
Contamination Zone Depth(s): 0si,

tal # Surveys 307
neutron surveys Z-
t't-o04-/j Last

2o 3 ' +Y-A

Probe Type 0'V
# GR Surveys 3 0r
Presentation Plot Dates

(if difrerent from l & Last)
Max Survey Depth ij

_7_2 72- t J_/vo

GAPS.Txt
Survey Date num. Gaps approx #Sampl Comment

HI-ZONES.Txt
Survey Date Leason Selected approx #Samp's Comment
-15 -0 -1 M - ~ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7 4 - 0/ -2 2./w.u/i /
9'V-6?-2Y /3 Av 4.c- 106

0-w1 Ze ^*A 6 ~,z?2-e-174 -5-0

q 3- / Z -/7~ R/-/; eo/<c
BackGnd.Txt

Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

-C?.iv .A ~ I 2''~

- -9 A/c- 6< f'? _ 7 -

n: - V- & A- CL/<y -2 72 %W
-/ z- &%- 5K6 /02- 70 /2.1-

T 12-/7 '7 / /3. t

Analysis Notes
num surveys rejected: (0) 7 #-O Background = (0 <50) / t - 2-5,
17 A-c/u7y~

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name . / ( S/W ver (TFGROSS) V - 2-6 .

00 413



HNF:353 2 - REV 

filein:= "GTP44-100.txt" Well 22-08-02
A:= READPRN(filein)

N:= last(yr)

1st Isotope is Co (5.27 yrs)

2nd Isotope is Sb (2.77 yrs)

Co :=
a -75) e

acO-e "

yr:= A

N = 300 i

co:= 5.27

T2:= 2.77

X2.:= a2-e

net :z ACl > bkg:= A<>

k:4 0..300

max A A4

j := 0.. 299

aco:= 13000

a2:= 14000

tot := Co + X2

gross := neti

3e104

2-10 4

gross
0

tt

0

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
yr1

75) 1(2) + -e(y- 75) 2

w" + a3 -Tssq(al,a3):= gross -- al.e (yi

Given

ssq(aco,a2)m0

Mco
:= Minerr(aco,a2)

a2

1.1

tco=1.304.10 /

- (I - 75) (2)
- (yri - 75) -

Coi := aco-e

out<0> := yr 0

X21;= ;%2-e

ut> := tot

a2= 1.417 1: 1

Sb-54
092

at2
tot = Co + X2

WRITEPRN("twop.txt"):= out
CON-

9.261
!Ratio CO/Sb X2N

Co-2nd-Decay.mcd 8024/98

00 414

0

Page 1



HNF-3532 -REVO

filein t= "GTP20-30.txt"

A:= READPRN(filein)

N:= last(yr)

1st Isotope is Co (5.27 yrs)

2nd Isotope is Sb2 Z7

-(yr,-75)'2
Coj := aco-e Teo

Well 22-08-02
yr := AU <net:= A

N =290 i:=0..N

Too:= 5.27

T2:= 2.77

bkg:= A

=0..300

<6> max:= A<4 >

j:=0.. 299

aco := 0

a2 = 1000

-(yr - 75)
X2; := a2-e T2

grossi := neti

ssq(al,a3)

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
yr

-(yr - 75i - yr

gross; - al-e + +a3-0 (Y

ssq(aco,a2)-0 1-1

aco
:= Minerr(aco,a2)

aL2I

- (yr, - 75).
Col := aco-e to.

out<0> := yr 0

X2 := t

ut <1 := tot

aco -6
Co-C

- (yri - 75) TS'1

-53.762 Ia2=1.014-10

=-0 .053

tot := Co + X2
a2

CON
- =-0.534

WRITEPRN("twop.txt")= out Ratio CO/Sb X2N

Co-2nd-Decay.mcd

00 415

gros
0

tot.

1200

1000

800

600

400

200

0

K0 0

0

- 0

0

K 0

Given

8/24/98 Page 1

- 75) 12

kt:

toti := Coi + X2j
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HNFn3532 -REVO

Dry Well Survey Analysis - Notes

Borehole4YY 2-Ot-a5

Log Date: 7Y5o-o-ol

Isotope from Spectral Survey: es

Total# Surveys 3/ r
# neutron surveys __

5'r-b&-q3 Last

4 '(3 V-
Contamination Zone Depth(s): T, , 3 6-Y^ t-r, c 3

Probe Type 0 '
# GR Surveys 3/
Presentation Plot Dates

(If different from It& Lan)
7/ Fr Max Survey Depth /0,
-3 --6 3 07&1-

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

-7(~e±2 43z /, Z
ZS-Q5-t 5. / 9 2

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment
Is-0 3-/ -zcG / ioo

-hz AiAb /f W /14 //o
7'7-A> 7-03 too(- A-c /0

7-l/-O/ ly/-dj<- /00 ~~~

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment
72-cL- %LsA& T 26 - 3 -- -0
75-by-vv 4:Fy01, ot Zco % 33LY~
7,6ia0k -3S ak & & 3t9

P-O- A AV&L3*CG /AD~- L3- ___________S_

75-//HO, AVG & - 3eke 97 1
?-/-3o !P- /6--_ 3] '63 7,< ~~~~

16______e 9, __ T7 0.,0_ _ _ __ _ __ _ _

Analysis Notes
num surveys rejected: (0) Zleq Background = (DrVf150) (0 - 31

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name S/W ver (TFGROSS) V2 3 .

00 421



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole 9 - - ' J Total # Surveys -3 / ( Probe T
# neutron surveys tZ # GR S

Log Date: 7 50~0 1"fst t-t/, O Last Present

Isotope from Spectral Survey: -7 C (69- r 7)
Contamination Zone Depth(s): 0 - I g - 2.9 -5

'7

,ype 0 V
urveys -3/-
ation Plot Dates

(If different from 1I & Last)

Max Survey Depth / do

GA0 .Txt
Survey Date num. Gaps approx #Sampl'i Comment

~A-t-i. 33 e'-03-t'r 93Z f9'

7$--2-32 9,D____-__ ___ 10 9 ~Cyudjg

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

-75-63-1 2- kl--a K e / 0 -2
~5-S--j- . _/______rfy

7&- -7-i To-9 6A ' c 9->

-& z- & 00 13a fo

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment

73-03-1? %C AL to. ___ Y 1, k
75--01.-,0,.L441.1 q '%tC ; 35 7,,g_______
7L T- ZL- % L44Vy I? 5rt 3f7, -7&-v5'-o% sya 93 0% e9,V __________

1-77- &,5 A , #U 1k6- fP s &7 z '
qi11-/-u, /cc -__ __I _r_7

7 f-tv--o Avoi 2 7 %-
JWf 67-i6 7,6.4 '7 -376 3 FI-5
9 n-T4 %2/kA 5'' Z esb P-~

Analysis Notes
numsurveysrejected: 0) Background= 0.v -!0 7

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name -- S/W ver (TFGROSS)

00 422

L/2. ' .



filein:= "GTP46-83.txt"

A:= READPRN(filein)

N := last(yr)

tes := 30.17 acs

rco:= 5.27 aco

Cs. :=
-yrr 75).!3)

acs -e

HNF:3532
Well 22-08-06

yr:= A<

N =298

net:= A< 7 >

i:= 0.. N

-REVO

bkg := A<6>

k:= 0.. 300

max:= A 4

j := 0.. 299

150

1430

- (yr: - 75)11(2)

Coi := aco-e w* tot := Cs I + Co;

gross := net

2000

1500 I-

gross
0

tot.
1000

500

0

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
yr

75)(2) - ( - 75)
=" + a3-e *ssq(al,a3):= grossi- aI-e

Given

ssq(acs,aco)=O

E[acs := Minerr(acs,aco)
awoI

- (yr - 75). n(2

Cs := acs-e se s Eu:

out<0> := yr out'l> := tot

Cs-Co-Decay.mcd

acs = 150.188

- (Yr -75) 1 2
aco-e

aco = 1.439.103

tot := Cs + Co

WRITEPRN("twop.txt") := out

8/19/98
00 423

SI I I I I I I

0

0

00

0

-- III

1-1

acs
= 0.104

aco

C = 1.153
CSN

Page 1



f- rottg O-fic7
Z- 0

HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole dY (2-69- 07)

Log Date: 7_-0 -9-1I'

Isotope from Spectral Survey: if
Contamination Zone Depth(s): 2r?

Total # Surveys .3 0/ Prot
# neutron surveys $3 # G

9'-06-/ 3  Last Pres

-4 F /f al 0 -/o '6 j

e Type 0 '
R Surveys 2 fA
entation Plot Dates

(If different from l& Last

Max Survey Depth

t- 7O 7V -7 '-o /00-f z"7 L/ CL4A Z.t

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

7 -672 7 z- / YO
VO- 6 9 - 17  0t 13D

1 Y-0 z/ / -,r5-
q ?-12- Of / 2.9 i D

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment
7-/-T 6- 2 / - da k6- / 1eo

76-67-2 4  -,/<- /ft9

0'- 7-/f Wtc. /Lf '

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

7z-2-L 74 7&7k - ) 1> 0 4% 32 _

/1A-05,2d % 7,,cMq -1 37 zO-7 '3 ( r
-79-il- A u 46dk / t, F3* 0.A
g&-,Ln 16-c2-- 13? 6Z
q2-11 -03 L -? / -7 1 /oc'( jg

9LL -LL A A / 3 o 1 ,

Analysis Notes

num surveys rejected: (0) 2 '5' Background = (0<val<50) 21 c - VO A

pZV1-i.Z O RM- / 7'risy 2 .ostwc (Vg- 74 70 -52 9'O /a .o, /0-/ 2o)

AIa ( 4. (7 70' , /C,90 /X7 ro
AA S (Cwm 1o2 rA nr CQt~tt n-ri s- s. oc Ao, .rat, 1140 /44 cs.t- 0>

- X .*76 /C-1wrV

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name k6-wt2J( 6{tl S/W ver (TFGROSS) b 2 Vt)
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HNF.3 5 3 2 -REVO

Dry Well Survey Analysis - Notes

Borehole Y( 2-2 -g9 - ) Total
# neut

LogDate: 7 1 q-ol-/o st f V

Isotope from Spectral Survey: c-; -/ 3 7
Contamination Zone Depth(s): C 4lV

# Surveys f. a..
ron surveys -.
-Vk-- 3 Last

Probe Type 0 Y
# GR Surveys :Q&g
Presentation Plot Dates

(If different from I -& Last)
Max Survey Depth / o

-71- t

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

74,-o2-z? ' 8  jro
n1-697-031 IF q 5
7 7-t k -7 F9 1 i

L r-- ! 73 /100o

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

77- /%,yL nt
77- H- i0/-- Z,
17-/C--7 (& a o g e 9_ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment

56-- % CL q s0 I/. _________2_-0

V- -%/ .. /00 g Z7Z ei g

-79--2.;2 A c 7qV( ;_ _-7 _'

P,6- I9-pcj /,& 1 f 1Y %1 3,3
-3 ---p %ag > /173 /, /--z 1 3 3._

Analysis Notes

num surveys rejected: (0) 2-,o 0 Backround = (O<v 50) sD -7

(9-/t Y- rp A)cr7t//r
7Z-St1rr L,,> 4S:,4y df n Zo- /nw-1 /?25 ra 'P 7s , -. >

?/ > 7 , / 7

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name 2 -> S/W ver (TFGROSS) V Z- 2)
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HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole j - /

Log Date: J -/1-Io I"t

Isotope from Spectral Survey:
Contamination Zone Depth(s): 0..(L

.otal # Surveys 393
neutron surveys b-
Y-o-4 ? Last

ZS 4 t , '&- 7,

Probe Type 9 Y
# GR Surveys 3 YV
Presentation Plot Dates

(If different from 1A& Last)

Max Survey Depth /07
S1-.3 60o - 7&7

GAPS.Txt
Survey Date num. Gaps 1pprox#Sampl' Comment

'1(, 0 7-2 ZY -2f T'
.6-e-03 28 J 0

77-0(-O9 go /go

13-/z-t -2 /00
HI-ZONES.Txt

Survey Date Reason Selected approx#Samp's Comment

75-04p5- /-- /00

-7-03- 2 RIM24C lc)
'76-,67-2-1 % r6 i _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _

g )0-09-z7Mf a- A /0

o-,s'-z-r NO/-5 /eZ
L-, d ff7t-? Csc.z (%2-o$5'-// -BackGnd.Txt

Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment

71--b-0 T~ Ola4 ,. / OD 7 -
-7A- eY Ii +v(- 0cc. 3
'____ -7 __ |c a%. %. '
7 7-04,- W/ ____/r

'7 8- -it Ayfc--7 7k~-/ 7) G
10-9 uc % , 3% 3,4

93-!z-i? e/t%&w. 10 2 7

Analysis Notes
num surveys rejected: (0) Z Background = (04;at 0) 1 0-2- I

N / Pt -/S 17rJr e

o-70,= i -^-. Pzlcr, tA--rf 0 1-'/ f-t 5= r, Sr
e)sa 0 A- Ct -'0 4 Co /0y .'75- 0- -Srl*, /erz

a70F : 40 <w?.9 A.. /7 :g7 O-g:4 5i? J -19 Y3 ev71
70-V &-O E60 ,,pe / - 70 /2 1- 7F &7.4LC
Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name/'z&-ch /t flj.. m S/W ver (TFGROSS) / 2-- 2 .
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HNF:3 532  -REVO

Borehole 22-09-01

Contamination (Ru-106) from 24 to 35 feet is Stable
Contamination (Sb-125 & Ru-106) from 40 to 55 feet is Stable

Grade Thickness Product for the radioactive zone (24-35 feet) is decreasing within
observed systematic limitations at a rate consistent with Ru- 106 (hypothesis) between
1975 and 1978. The gamma ray activity decreases quickly to background activities,

Grade Thickness Product for the radioactive zone (40-55 feet) is decreasing within
observed systematic limitations and relative intensity at a rate consistent with a least

squares fit of Ru-106 (hypothesis), Sb-125 (hypothesis) between 1975 and 1994. Cobalt-
60 (identified from HPGe detector at low concentrations, less than 0.7 pCi/g) was not

included in the least squares fit and is below the gross gamma detection threshold. When
included the concentration for Co-60 resulted in a negative quantity contribution to the

resultant fit. The least squares fit results in a gross gamma contribution ratio for Sb-125
to Ru-106 on January 1975 was 0.36.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (6 surveys)
Borehole Depth: 100 ft

Survey Depth : 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 12/28/1993
Number Surveys: 674

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : 10 to 20 feet

Depth(s) where Contamination Identified in 24-35 feet is Stable
Gross Gamma Surveys : 40-55 feet is Stable

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3 5 3 2 -REVO

Borehole 22-09-02

Contamination (Cs-137) from 0-10 and 10-14 feet is
Tank Farm Activity

Contamination (Cs-137) from 14 to 34 feet is Stable
Contamination (Ru- 106) from 42 to 64 feet is Stable

Grade Thickness Product from 0-10 and 10-14 feet is erratic from 1975 to 1986, and is
categorized as Tank Farm activity. Grade Thickness Product from 1986 through 1993 is

decreasing within counting statistics at a rate consistent with Cs-137 (identified from
HPGe detector).

Grade Thickness Product for the radioactive zone (14-34 feet) is decreasing within the

gross gamma sensitivity at a rate consistent with Cs-137 (identified from HPGe detector)
between January 1975 and December 1993.

Grade Thickness Product for the radioactive zone (42-64 feet) is decreasing within the
gross gamma sensitivity at a rate consistent with Ru-106 (hypothesis)

from 1975 to 1982.

Gross Gamma Suve Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (5 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 12/28/1993
Number Surveys: 468

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 34 to 42 feet

Depth(s) where Contamination Identified in 0-10 & 10-14 ft is TF Activity
Gross Gamma Surveys: 14-34 feet is Stable

42-64 feet is Stable

Analyst Name : R.K. Price
Analysis By : Three Rivers Scientific
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HNF-3 5 32 -REVO

Borehole 22-09-05

Contamination (Cs-137) from 0 to 10 feet
Contamination (Sb-125) from 40 to

is Tank Farm Activity
58 feet is Stable

Grade Thickness Product from 0-10 feet is erratic from 1984 to 1986, and is categorized
as Tank Farm activity. Grade Thickness Product from 1976 through 1993 (except 1984

to 1986) is decreasing within counting statistics at a rate consistent with Cs-137 (identified
from HPGe detector).

Grade Thickness Product for the radioactive zone (40-58 feet) is decreasing within the
gross gamma sensitivity to each isotope and relative intensity at a rate consistent with a

least squares fit of Sb-125 (hypothesis) and Cs-137 (identified from HPGe detector)
between 1975 and 1993. The least squares fit results in a gross gamma contribution ratio

for Sb-125 to Cs-137 of0.1 on December 1993.

Gross Gamma Surv Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (5 surveys)
Borehole Depth: 100 ft

Survey Depth : 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 12/28/1993
Number Surveys: 562

Analysis Notes
Number Surveys Rejected : 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: 12 to 38 feet

Depth(s) where Contamination Identified in 0-10 feet is TF Activity
Gross Gamma Surveys: 40-58 feet is Stable

Analyst Name: R.K. Price
Analysis By: Three Riven Scientific
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HNF-353 2 -REVO

Borehole 22-09-07

Contamination (Ru-106) from 20 to 40 feet is UNSTABLE
Contamination (Ru-106) from 40 to 50 feet is UNSTABLE early

Contamination (Sb-125 & Ru-106) 50 to 64 feet UNSTABLE

Grade Thickness Product for the radioactive zone (20-40 feet) from 1975 to 1978 is
decreasing at a rate consistent with Ru-106 (hypothesis) decay, however from mid-year
1978 to 1982 the Grade Thickness Product is consistently greater than the fitted decay

curve, indicating additional contaminants in this zone.
Grade Thickness Product for the radioactive zone (40-50 feet) is Inreasin during 1975

then becomes stable and in 1976 the Grade Thickness Product is decreasing within the
gross gamma sensitivity at a rate consistent Ru-106 (hypothesis) from 1976 to 1981. The

Grade Thickness Product is greater than the decay curve from 1981
to 1983.

Grade Thickness Product for the radioactive zone (50-64 feet) is erratic from 1975 to
1976, then is decreasing at a rate consistent with Ru-106 and Sb-125 decay (both
hypothesis) to 1980, however from 1980 to 1986 the Grade Thickness Product is

consistently less than the fitted decay curve.
Grade Thickness Product for the combined radioactive zone (20-64 feet) is decreasing

within the gross gamma sensitivity to each isotope and relative intensity at a rate
consistent with a least squares fit of Sb-125 and Ru-106 for the 20 year surveillance

period from 1975 through 1994. The least squares fit results in a gross gamma
contribution ratio for Sb-125 to Ru-106 of 0.22 on January 1975.

Gross Gamma Sur Information
Probe Type : 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (5 surveys)
Borehole Depth : 97 f

Survey Depth : 97 ft
First Survey Date: 1/10/1975
Last Survey Date: 12/28/1993
Number Surveys: 481

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Backround : Threshold (0<val< 50)

Depth(s) where Contamination Identified in 20-40 feet is UNSTABLE
Gross Gamma Surveys: 40-50 feet is UNSTABLE

50-64 feet is UNSTABLE
Analyst Name: R.K. Price

Analysis By : Three Rivers Scientific
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HNF-3 5 3 2 -REVO

Borehole 22-09-08

Contamination (Cs-137) from 16 to 30 feet is Undetermined
Contamination (Co-60) from 43 to 52 feet is Stable

Contamination (Co-60) from 76 to 90 feet is Undetermined

Grade Thickness Product from 16 to 30 feet does not match the decay rate of
Cs-137 (identified from HPGe detector) and the gross gamma activity is at the 30,000

counts per second rate which may be beyond the linear region of the counting
system.

Grade Thickness Product for the radioactive zone (43-52 feet) is decreasing within the
gross gamma sensitivity at a rate consistent with Co-60 (identified by HPGe detector)

from 1980 to 1993.
Grade Thickness Product for the radioactive zone (76-90 feet) is at low levels (detection

threshold) and appears to be constant from 1984 to 1994. Stability of the zone from 1980
to 1984 can not be determined. Agreement with the decay rate of Co-60 (identified by

HPGe detector) can not be determined.

Gross Gamma Su rvey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
14: Shielded Nal (29 surveys; 1980)

Borehole Depth: 98 ft
Survey Depth: 98 ft

First Survey Date: 7/24/1980
Last Survey Date: 12/28/1993
Number Surveys: 368

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 55 to 74 feet

Depth(s) where Contamination Identified in 16-30 feet is Undetermined
Gross Gamma Surveys: 43-52 feet is Stable

76-90 feet is Undetermined

Analyst Name : R.K. Price
Analysis By : Three Rivers Scientific
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HNF-3532 -REVO

Borehole 22-09-11

Contamination (Cs-137) from 0 to 10 feet is Tank Farm Activity
Contamination (Cs-137 & Sb-125) from 16 to 25 feet is Stable

Contamination (Ru-106) from 25 to 38 feet is Stable
Contamination (Ru-106) from 38 to 52 feet UNSTABLE early

Grade Thickness Product from 0 to 10 feet is erratic from 1975 through 1986, and is
categorized as Tank Farm activity. Grade Thickness Product from 1986 through 1994 is
decreasing within observed systematic limitations at a rate consistent with Cs-137 (HPGe

detector identified).
Grade Thickness Product for the radioactive zone (16-25 feet) is decreasing within the
gross gamma sensitivity to each isotope and relative intensity at a rate consistent with a
least squares fit of Sb-125 (hypothesis) and Cs-137 (HPGe detector identified) between

January 1975 and 1994. The least squares fit results in a gross gamma contribution ratio
for Sb-125 to Cs-137 of 0.03 on December 1993.

Grade Thickness Product for the radioactive zone (25-38 feet) is decreasing within
observed systematic limitations at a rate consistent with the decay of Ru-106 (hypothesis)

between 1975 and 1994.
Grade Thickness Product for the radioactive zone (38-52 feet) is decreasing at a rate that

exceeds the decay of Ru-106 (hypothesis) in 1975 then from 1976 to 1993 the rate of
decrease is consistent with the decay of Ru-106.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (5 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 12/29/1993
Number Surveys : 552

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 60 to 90 feet

Depth(s) where Contamination Identified in 0-10 feet is TF Activity
Gross Gamma Surveys: 16-25 feet is Stable

25-38 feet is Stable
138-52 feet was UNSTABLE early

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific

00 452
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HNF-3 5 32 -REVO

Dry Well Survey Analysis - Notes

Borehole 3/ Y (Z 2 -c ) Total # Surveys 6 - ProbeT
# neutron surveys # GR S

Log Date: 75-OH,7 1st q 3- /Z Z& Last Present

Isotope from Spectral Survey: Cs 4 c/ W4 f Cs - 7/ C/ 9-

Contamination Zone Depth(s): 2 'f -3-7 9 ss P-

ype t
urveys 6 7't
ation Plot Dates

(If different from I'& Last)
&;;I Max Survey Depth / ozn

GAPS.Txt
num. Gaps approx #Sampl's Comment

-7 7-6 -0 L 3 9 -

'7 -7- ) 7

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment
7i-o5-az A/rsY / 490
ffz-o--o AOSCt t A__D

q)- -/6 / <-/cC / eo

qz-O F-4 7L YA";'-5 4 /40
__--__-_ s<> e ; n ie

95-c-is B 'o 64wv /0 _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment
7 t-7-ol % 6ce~, 1i S1% /- Ac
7 (-7-m /V/4-c, '77 6 3% 3X y

76-z-s /9v6-kc- j;r '7-? % _ _ _ _ _

77-o. /K Cll- __ _ / 171 '.3
7 -07-3 11Avc 4/<<... I7 3 i 7 0

Analysis Notes
num surveys rejected: (0) .ZvA 0 Background = (0<2§!Z50) /6- 20
Z169 -- 5 7.* r A

C y bF y Undrm 5ne 4 i2G 7/ -,-LX 2 '-d : : Y
- ~ 74 6A 62.? 19 9/~ 7Q 7 tv /1?-- yca4t~ 09 E ,c ZA f2--

Catego 'SaiTF Activity, Undetermined, CHANGED /30,-r t't 3.t T 7 5' 7 e ig

Analyst Name toi. & S/W ver (TFGROSS) ZO

00 458



filein := "two4O-55.txt"

HNFr353 2 -REVO
Well 22-09-01 2 -cev"~ 6-v/ '7

A:= READPRN(filein)

N := last(yr)

1st Isotope is )
2nd Isotope is Ru-1 06 (1.02 yrs) r2:= 1.020

- (yr - 75)In)
X2.:= a2-e tot := Coi + X2j

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94
yr.

-(yr. - 75)y2) - (yr - 75) t112
grossi - al-e * + a3-e T2

ssq(aco,a2)-0 1-1

aco
S := Minerr(aco,a2)

1a21I
aco =514.041 a2 =1.8-103

*e- (yr 75)I, 2 tot := Co + X2

WRITEPRN("twop.txt" ) := out

S
aco =0.286
a2

4,JU

Ra b CON
,r;; - = 994.027

Ratio GeM XN

Co-2nd-Decay.mcd 8/29/98

00 459

yr:= A

N = 659

net:= A

i:= 0..N

bkg:= A<6>

k := 0.. 300

too := 2.77

max:= A 4

j := 0.. 299

75 In(2)
) Oo

aco := 510

a2:= 1800

(yri -

Coi:= aco-e

gross ;= neti

2500

2000

gross.
0

toti

1500

1000

500

0

0

0o0

0

oo

-0..

ssq(al,a3):=

Given

Co
- (yr - 75)

:=aco-e "

out > := yr

X2. :=

out := tot

Page 1



HNFr3532 -REVO
filein:= "GTP40-55.txt" Well 22-09-01

A := READPRN(filein)

N := last(yr)
yr:= A
N =655

net := A >
i:= 0.. N

bkg:= A*
k := 0.. 300

T -- r,&.m~r t r

max:= A 4
=0.. 299

tcs:= 2.77

acs := 600

- (yr - 75)
Cs1 := acs-e

grossi := net

grossi
0

tot

2500

2000

1500

1000

500.

0

Tco:= 5.27

aco := 10

Co:= aco-e

Teu:= 1 -YTu variables are
aeu := 1700 Ru-106

Cs variables are-
-(yri - 75)hL(2 =S - - (yr- 7

Eu: aeu-e
5) ln(2)

" - tot = Cs1 + Eu + Co

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94

yr

75) In(r).+
Ss + a3-ssq(ala3,a2):= Y, [grossi - a.-e

75 + yr - 75) i-- 2

T + a2-e (i TC II

Given

aeu

aco]

ssq(acs,aeu,aco)-0

Minerr(acs ,aeu,aco)

.jyr - 75) n(2)

Cs. := acs-e WS

1=1 2=2 6/) ,v'

acs=621.888 aeu = 1.733-103 aco =-39.742
Sb-125 Ru-106 Co-60

(Yrj - 75) . 3
"eUEu := aeu-e

-(yr - 75).n(2)

Col := aco- y -

acs
- =0.359
aceu

toti := Cs + Eu + Co

out > := yr outl >= tot

ThreeCompDecay.mcd

WRITEPRN("twop44-52.txt"):= out

8/17/98
no 460

= 6.186-10
CsN

Page 1

- -II

-0

-0

- -



HNF7353 2 -REVO

Dry Well Survey Analysis - Notes

Borehole B Y62Z-Z9-c a_

Log Date: 7 0 5 9 /-<1st

Isotope from Spectral Survey: _
Contamination Zone Depth(s):.

Total # Surveys 2 7 / Probe T
# neutron surveys # GR S

'73-/2-29 Last Present

CS-r 7( " a6eC'nSn-oI'l r)

ype 05'
urveys '-8
ation Plot Dates

(If different from 1S & Last)

Max Survey Depth 10o
4-> -6 tr

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

ZEO1.L1s '-1 S t _________________

77-06-0 7, _6 /(g6

7-0!-l - 1 7 1-t- 5'

S 0-0 17 7 _ __ _ __ _ __ _ _ __ _ __ _ _ __ _ __ _ _ __ _ _

HI-ZONES.Txt
Survey Date eason Selected approx #Samp's Comment

77-1O-2 +,v-a bog 6-

7S'-O0S'-31 oA'AO2 ______

1S5- t-3i 7R' ar.r /a I ,.1s' - r<av r r -")r19

S2-ODt - I3 ? Y? A-' e

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

7h,-i-/ &<-dcC 77 6C70  3%/ _ _________

7 -ab-o2 6/ _-__ T 3 1x, f. -3

17-12-01 /9____~ 9_ ___ 
3 Z79

'7o-fD-3 (? /4!cc- , 649{ 3 $.

'12-D1;3 1ap (9 0

Analysis Notes

num surveys rejected: (0) 0E/ 0 Background ='(qvzb) 3V' /

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name &C z/ S/W ver (TFGROSS) V?- 2 0

Of)61

0 - /v* /,0 - / <, /- C- :? C



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole A Y(yz 2-6:q -0 )

Log Date: 7 .-/Cq/ I'

Isotope from Spectral Survey: C. -. 7
Contamination Zone Depth(s): '/ O - 5- ,

Total # Surveys -1 7
# neutron surveys S

q3-Z - 7g Last

0- /o

Probe Type '/-
# GR Surveys S62.
Presentation Plot Dates

(If different from 14 & Last)

Max Survey Depth / O0

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

7 5-' (2- ar~ / j 1? 9

:x L- 67-2,1 '-, / z'2--

7?6 1>-4 !3 .7 S
'7 7- 0 4 02 1 ) / dou

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

72I~-tc~S /d41- . /,0

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment

7K-.04-o / s-Q o_. % iZ...fi 7 x 3 -K 7
7Z -& 7 Z.- Ci %-. 1, 7
7 toiq 2, Au / fi& I ZL C % 3 6, 7

7977- 0 - 47,6 6 74t----

Analysis Notes

num surveys rejected: (0) Z CZ40 Background =- ( q'5

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name b1 .-r tc.. S/W ver (TFGROSS) V/, 2-c

00 469



lein:=-"GT0-58.tx Well 22-09-05
A:= READPRN(filein)

N:= last(yr)

1st Isotope is Cs (30.17 yrs) Too := 30.17 aco := 30

2nd Isotope is Sb-125 (2.77 yrs) 2 := 2.77

- (yr - 75) ln(2) - (yrj - 75).i(
X2 := a2-e tot := Co4 + X21

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94

yr1

([grossi
75)- L -=0 + a3-e- - (yr 

ssq(aco,a2)=O 1-1

aco
a] := Minerr(aco, a2)

aco =29.993

(yri-. 75) L1(2)V* - (yri -
X2. := a2.e

out := tot

Cs-137

75) - 3

WRITEPRN("twop.txt"):= out

a2 =250.811

Sb-125
aco- =0.12
a2

X2N
- = 0.112

Ratio Sb/Cs CON

Co-2nd-Decay.mcd 8/19/98 Page 1

00 46-

HNF-353 2 -REVO

yr:= A0'

N =548

net := A >

i:= 0.. N

bkg:= A

k := 0.. 300

max:= A<4

j := 0.. 299

Co := acoce

gross := neti

a2 := 250

0 0

0 0

000 0

400

300

gross.
0

tot.

100

0

ssq(al,a3):=

Given

Col aco-e

out<0 > := yr

TCO T2

200|

toti := Col + X2;

(yr - 75 ).$-( 2



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole 3 2 2-t 0-07)

Log Date: 7-5 -/v I"

Isotope from Spectral Survey: _

Total # Surveys 4 17
# neutron surveys -
1 2-/- 2- Last

CS //)--234 )
Contamination Zone Depth(s): 20-i 'fx r '&-r

Probe Type 1 6
# GR Surveys Y5/
Presentation Plot Dates 77-y-/6

(If difftrent from I' & Last)
--fr 7-) Max Survey Depth 77

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment
71r07-zi II 6V
71--07-29 5__f 910
'7 O--0 2- --7------

'77-og-12, Z, Zo
50-0 /7 ?z *? --,Cl 7,-7 /5e Ia eHI-ZONES.Txt
Survey Date keason Selected approx #Samp's Comment
75- 3-21 BIW%,eQ-;- / 7z -1---
7706-0-. 54t-hc<k C- /OD

7 z- 9- 0-v j c isvc /QO -----

12-12 13 tcou Ftah _________________

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

7-6f-a 07ZCtiy 91? 1% 17 1_________

7 g y j T~ -{2 t03 -,z i AE14 t3A___

7 -167 &R U CL-1 q7 & 0 z'z ;,_ 
_ _ _ _ _ __J_ 

_

7f-c-z Aa- C~

Analysis Notes
num surveys rejected: (0) 2-/z c Background = (O<val<50)

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name /1 ,t _- i S/W ver (TFGROSS)

nj) 464

Vz- zz

/ o o {/is'B-99)
; / 7,



HNF-3532
filein:= "two20-64.txt"

A:= READPRN(filein)

N :=last(yr)

Well 22-09-07
yr:= AC

N =463

net:= A

i:=0..N

1st Isotope is Sb125 (2.77 yrs) Teo:= 2.77

2nd Isotope is Ru106 (1.02 yrs) 2:= 1.02

bkg := A<6>

k:=0..300

max A< 4 >

j :=0..299

aco:= 4300

a2:= 19000

- yri - 75 c

aco-e "

- yr -75n(2)

X2i:= a2e tot := Cot +X2

This data edited for spurious points

2.510 4

2-10 4

gross.

0
tot.

5000

0

ssq(al,a3)

74 76 78 80 82 84 86 88 90 92 94
yr,

grossi - al-e ]I 2
- 75). L - 7 75

Tco + a3 - ( I 2

Given

ssq(aco,a2)=0

aco
:= Minerr(aco, a2)

x2I b

aco = 4.289-103
2 9

aC2 = 1.917-10 4

- (yr - 75)
X2. := a2-e

out > := tot

In(2)

tot := Co + X2i

WRITEPRN("twop.txt" ) := out

aco
-= 0.224
a2

CoN
778.729

Ratio Sb/Ru X2N
\ < L

Co-2nd-Decay.mcd Page 18/10/98
00 A65

-REVO

CoI:=

gross := neti

1I F I I II

1=1

(yrI - 75) In(2)
'r*Cot := aco-e

out<O := yr



A:= READPRN(filein)

N:= Iast(yr)

yr:= A"l

N =465

1st Isotope is Sb125 (2.77 yrs) Teo := 2.77

2nd Isotope is Ru106 (1.02 yrs) x2 := 1.02

-yr - 7) . TCO
Col := aco-e- ( I w - (yr - 75) !n(L

X2 := a2-e T2 tot := Coi + X2i

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94
yr,

75) ln() yr-75) t 2
=0 + a3-e ( T 12gross- [al -e yri

ssq(aco,a2)-0 1-1

aco

a := Minerr(aco,a2)

aco =-453.63 a2 = 1.17-104

-(yr 1 - 75)l2

aco-e

out" := yr 0

X yra -75) 2
X2; := oc2-e T2

ut :=tot

tot := Coi + X2.

WRITEPRN("twop.txt") := out
Ratio Sb/Ru

aco
- =-0.039
a2

CoN
- =-134.997
X 2 N

Co-2nd-Decay.mcd Page 18/19/98
Or 466

HNF-3532 -REVO

lein:= "T0-40.txt" Well 22-09-07
net := A 7 >

i:=0.. N

bkg ;= A6

k:=0..300

max:= A4>

j:=0..299

aco := 0

a2 := 11000

§
*
0
0

- 0

~

gross := neti

1.510 4

1.104

gross
0

tot.

5000

0

ssq(al,a3):=

Given

Coi



HNFt3532
filein:= "GTP40-50.txt"

A:= READPRN(filein) 
y

N := last(yr) N

Well 22-09-07
r:= A< >

= 472

net:= A <7 >

i:= 0.. N

1st Isotope is Sb125 (2.77 yrs) rco := 2.77

2nd Isotope is Ru106 (1.02 yrs) 2 := 1.02

(yr - 75) In( 2)

Co := acoce

gross := neti

1.104

grossi
0

tot.

Xy r - 7 5=
X21 := a2-e 2

bkg:= A<6>

k := 0.. 300

max:= A <4 >

j:=0.. 299

aco := 0

a2 := 14000

toti := Co + X21

This data edited for spurious points

5000 -

0
74 76 78 80 82 84 86 88 90 92 94

yr

ssq(al,a3):= [grossi

75). 22
* +a3-e

Given

ssq(aco,a2)=0 1=1

aco
:= Minerr(aco, a2)

a2I

aco = 2.009-10 3 a2 = 8.467-103

- (yr. - 75) n(-2

aco y

out <0> = yr

X2 := a2-e

out> := tot

yr1 - 75)1 3)
(Xco-= 0.237
a2

WRITEPRN("twop.txt ) := out
CON
- = 825.736

Ratio Sb/Ru X2N

Co-2nd-Decay.mcd Page 18/19/98

n9 467

-REVO

0

-0

1 2

Col

0

toti := Col + X2i

- (yr.. (yr. - 75) -



filein:= "GTP50-64.txt"

A := READPRN(filein)

N := last(yr)

HNF-3532 -REVO
Well 22-09-07

yr:= A

N =469

net := A

i:= 0.. N

1st Isotope is Sb125 (2.77 yrs) Tco := 2.77

2nd Isotope is RulG6 (1.02 yrs) T2 := 1.02

bkg:= A<6 >

k := 0.. 300

aco := 2930

a2:= 180

Xyr - 7 5 ).=
X2i ;= a2-e 2 tot := Co; + X2

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94
yr

(yr 5 - 75) 2

T2 j
- (yri - 75) ) i-e

grossi - at -e . + a3 -e

ssq(aco,a2)=0 1-1

I := Minerr(aco,a2)
aco =2.921-10 3

In(2)
-(yr -75).

aco-e

out<>:=yr 0

- (yri - 75) !nC2

X2; := a2-e 2 tot := Coi +

ut :=tot WRITEPRN("twop.txt):= out

aco
- = 15.91

X2,

CoN4
ROb =5.538-104

Ratio Sb/Ru X2N

Co-2nd-Decay.mcd Page 18/19/98
00 468

Coi:=

max:= A4 >

j =0.. 299

aco-e

grossi := neti

5cnnnr

gross1

0

0

00

0

o o

- S

-

4000

3000

2000

1000

0

ssq(al,a3)

Given

aco

a2

Co.

a2 = 183.627

(yri - 7,). 'n2

5000



HNF-3532 -REVO

Dry Well Survey Analysis - Notes
09 z 311

Borehole 6 Y(2z07-08)

Log Date:go'- 6-y 1st

Isotope from Spectral Survey: £
Contamination Zone Depth(s): _

Total # Surveys Y 0 Probe
# neutron surveys 4- # GR
93-Z-7J Last Presen

:5 /i 0 / / Z 2- F r )
/ 6- 3e, '%i 52 Zb-74..

GAPS.Txt

/ /9

Type ( L 2 (/
Surveys 3 69
itation Plot Dates

(If different from jt & Last)
Max Survey Depth 9

Survey Date num. Gaps ipprox #Sampl's Comment
0U 7-/ 7 ?-- __ _ _ __ _ _ _ __ _ _ _ __ _ _ _

HI-ZONES.Txt
Survey Date eason Selected approx #Samp's Comment

70-06m

1 3-6vt- ol 14W 147)

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment
?V-i-/7 % 1 9-3 1 x /,,, __;1 3 /_, 2

_// -~/-7 3A !', 1 -3 c,-._
/ITI67?d A/966K= 7, 1 3

4t4 4-
'73 -t~&/30'9,

cAVq/& Bsc- I '75%

Analysis Notes
num surveys rejected: (0) Zj4 b Background = -

A Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name La-. , I S/W ver (TFGROSS) /2.126 .
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Dry Well Survey Analysis - Notes

Borehole 3 Y7 z -zz- j/)

Log Date: 0/'- 1I

Total # Surveys S5y
# neutron surveys -5-

±-/0- Z1 Last

Probe Type 0 22
# GR Surveys S-52.
Presentation Plot Dates

(lf differnt frnm ltk& Las)

Isotope from Spectral Survey: CQ ( JSsr ) Cz 2) - A'>
Contamination Zone Depth(s): 0 -- 0, / 6 - 3 '- S - -7

Max Survey Depth /0 J2

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

'7 oZk I Iof /7 /49-0
77-ob--o 7i co
10-09-/7 J-3 __ ~

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

Vs-/2-3o9 l-ek-A: /bb

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

7 /gINrA v&- ske- 6i[ 3 %, 41 2, L/
7 y 6-/- A /- S,- 63% '/- Z.
'7 7-z'-5- A c- kic f% 3 7 .-o

7 7-OS -o? Au- 8/- 6 .- qr % /. --C/10
7SS-1c-to 1uc&- 6- 6- 477 Y 3 %-7j) 3 6, z-

Analysis Notes
num surveys rejected: (0) Z v/{o Background =0 0I o --

/ Ct,' r / Pd 4c 3-r rnt'. V2-y) Cs

3S-st 0Cw -</ .> /7k)C (7t -/zy;. 9 AJ7 ' 9-96,1< /7 7

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name /Z-t S/W ver (TFGROSS) V - 2-D .

00 470
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filein:= "GTP16-25.txt"
-- IWOl 22-09-11

A:= READPRN(filein)

N := last(yr)

f-t - 5
Tco := 2.77

yr:= A<

N =545

tcs := 30.17

- (yr - 75)=
Csi := acs -e ""

net:= A

i:= 0.. N

aco:= 220

bkg:= A<6>

k := 0.. 300

acs:= 108

max:= A<4 >

j := 0.. 299

- (yri.- 75) (

Coi := aco-e w"

This data edited for spurious points

74 76 78 80 82 84 86
yr

Jgrossi -
- (yr.Ial-e75) ln(2) yr- 75

= + a3-e *

88 90 92 94

I] 2

ssq(acs,aco)=0

acs
= Minerr(acs,aco)

aco

- (yrc - 75 ) n(2)

Cs1 := acs-e **c

out <> := yr

cccs = 1585

- (yri - 75).!

Eu := aco-e I.

out> := tot

= 214.287]

acs_ = 0.494

toti := CsI + Co

WRITEPRN("twop.txt):= out

aco

-=0.028

CSN

Cs-Co-Decay.mcd Page 18/17/98
00 471

-REVO

gross := net,

500

400

300

200

gross
0

tot

-e

000 000

000

- 0

I 1 1 , 1 1 -

100

0

ssq(al,a3):=

Given

1-1

toti = Csi + Coi
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Borehole 22-10-05

Contamination (Co-60) from 45 to 55 feet is Stable
Contamination (Co-60) from 55 to 75 feet UNSTABLE early

Grade Thickness Product for the radioactive zone (45-55 feet) is decreasing within
observed systematic limitations at a rate consistent with the decay of Co-60 (identified

from HPGe detector) between 1975 and 1994.

Grade Thickness Product for the radioactive zone (55-75 feet) is decreasing within
observed systematic limitations at a rate consistent with the decay of Co-60 (identified
from HPGe detector) from 1979 to 1994. However, from 1975 to 1979 the radiation
zone was below the Co-60 decay rate (i.e. increasing radioactive contaminants.) The

activity in the radiation zone is at low levels.

Gross Gamma Survey Information
Probe Type : 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 10/4/1993
Number Surveys: 400

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: 20 to 40 feet

Depth(s) where Contamination Identified in 45-55 feet is Stable
Gross Gamma Surveys: 55-75 feet was UNSTABLE early

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific

00 472
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Borehole 22-10-07

Contamination (Co-60) from 45 to 65 feet UNSTABLE

Grade Thickness Product for the radioactive zone (45-65 feet) shows only background
activity except for a brief time period (1980-1985) in which radioactive

contaminants migrated past the gamma probe investigation radius. During the time
period of 1980 to 1983 the contaminant concentration was increasing, followed by

a brief period from 1983 to 1985 of decreasing activity. The rate of decrease of
the grade thickness product does not appear to be the decay of a stable

radionuclide. A half life decay curve for Co-60 (identified from HPGe detector) is
shown to demonstrate that the radioactive contaminants were not stable.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

Survey Depth : 100 ft
First Survey Date: 1/09/1975
Last Survey Date : 10/4/1993
Number Surveys: 377

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 45-65 feet UNSTABLE
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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Borehole 22-10-09

Contamination (Cs-137) from 0 to 10 feet is TF Activity

Grade Thickness Product from 0 to 10 feet is erratic for the 20 years of survey data and is
categorized as Tank Farm activity. Changes in the logging procedure when logging

surface radiation zones perturbs reliable calculation of the Grade Thickness Product. A
decay line for Cs-137 (identified from HPGe detector) fitted to the last few survey values

is presented.

Gross Gamma Survey Information
Probe Type : 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (5 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 10/4/1993
Number Surveys: 364

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: < 0
Method Used to Compute Background : 10 to 40 feet

Depth(s) where Contamination Identified in 0-10 feet is TF Activity
Gross Gamma Surveys _i

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific

09 480
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Borehole 22-10-10
\1-1

Contamination (Co-60) from 58 to 76 feet UNSTABLE early

Grade Thickness Product for the radioactive zone (58-76 feet) exhibits a rate of change
that does not fit the gross gamma response characteristics for a stable radioactive zone.
The high rate of decrease from 1975 to 1985 in the gamma-ray activity is confirmed by

multiple and frequent surveillance logs. The conclusion is that the radioactive zone (58-76
feet) from 1975 to 1980 was not stable. The Co-60 (identified from HPGe detector)

decay line fits the grade thickness product data from 1980 to 1995 and is used to establish
the later stability. A combined decay line of Sb-125 (hypothesis) & Co-60 is presented on

the plot for reference to show the poor fit.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 01/09/1975
Last Survey Date: 10/04/1993
Number Surveys: 406

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 80 to 95 feet

Depth(s) where Contamination Identified in 58-76 feet UNSTABLE early
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By : Three Rivers Scientific
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Dry Well Survey Analysis - Notes

Borehole /__{_2-_/__-_

Log Date: 7J-0/-o 1st

Isotope from Spectral Survey:
Contamination Zone Depth(s):

/ Total # Surveys 9Olh
# neutron surveys /

C/ 3 -1/ - 9Last

, 4 &-- 7-z') /, -/- /
L4s --5

Probe Type 0'7
# GR Surveys #/-00
Presentation Plot Dates

(If different from l & Last)
Max Survey Depth /00

0 - 7S' ,r

GAPS.Txt
Survey Date num. Gaps approx #Sampl' Comment

~7 L- P't - Z-9 3/ '

'74-01-24 5-4 i 
--- -7-7064-cZ 5(. ____

HI-ZONES.Txt
Survey Date Peason Selected approx #Samp's Comment

I~VS -_ _ _ _ _ _ _ _ _ _ _ _ __k_ _ _ _ _ _

17-9! 02-0_3m /16~

_1'-f- 7i S/cc- /_t i _0 / h~~ Zf 0

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

-s-r-a 9 4v6 A 6- ~ ir _ / _ -- ~----

74-og -z %c44± 1f 1Z6 & z gi -~~--~
77-62-os 3kcc/c ? 

_ __ __ 4 V
-77-P6--6 Ll V- < if -tt-0 I 5F ~Y1
77-05-/ 1 '7g / S/ '772'0 /l-og -- Vg X-Ck~i +__.1 -7 S-V -Z __________7

1-t' 32-K 2, L_ _ __, ~~~~

Analysis Notes
num surveys rejected: (0) t4&o Background =0 40) 2-e -,r
Ctory: tb TF, AtQty UdeLte ( 1'77r.i, e-d,: A-7 - WASCHANGED

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name S/W ver (TFGROSS) V Z)D

-'n
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Dry Well Survey Analysis - Notes

Borehole 6 Y(z- - /0--7)

LogDate: '7-91/-0 I'

Isotope from Spectral Survey:
Contamination Zone Depth(s):

Total # Surveys . t/
# neutron surveys M
q-10-o, Last

Probe Type 9 -r
# GR Surveys 377
Presentation Plot Dates

(If different from i t & Lpt)
Max Survey Depth 17

GAPS.Txt
Survey Date num. Gaps approx #Sampl' Comment
'7( O5-2k 3) 9 5- ~~~~~
77-Ok-viA 9 f 1t
7 -0-- ' /00o

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

'/7 -- , - 2 141 - /e-., 100

-it-0r-o Ht-/5/ jO"
0I-V/-06 rsL3% /o16

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment
'/3,?-3 I L 7&vq, 7't ,oc 2,
7 t-v- tt &n44dy jy -g 7% ____, ________,___-

7 , 19- 2,6 2- 2'-/9 l'? .
7r - -o td /I/< '. / ' 39

1/-7-/ /W ng& 6-e W 2%~ _________~__
Bt C, 1- A.7,~i 1s -2/ L4,~

-0Wka z- kC 4f, CXAp.-/

Analysis Notes
num surveys rejected: (0) Background= (<Va 6.5 -?dc 7

C 2y (tAb, T ActivityU

Category: (Stable, TE Activity, Undgerndned ~tAGED>

Analyst Name // rL S/W ver (TFGROSS) V /V 4e

00 487
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Dry Well Survey Analysis - Notes

Borehole 15 " 2- -/ -

LogDate: 7~_ / __l"

Isotope from Spectral Survey:
Contamination Zone Depth(s):

7) Total # Surveys 3 7v0
# neutron surveys -s-
9 3-la -CY Last

f 7

Probe Type
# GR Surveys ..A 7
Presentation Plot Dates

(If different from I& Last)
Max Survey Depth / 00

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

754z-o-3 0z / _ '_
7bhA'-21 Zo &()0)

14i -t1y 24 le~ 4a

'9 0- 7 /3 9 3'
HI-ZONES.Txt

Survey Date Reason Selected approx #Samp's Comment

7,5-,>o0 I-t O/cc / e0

11,-A 5-14 /-rr c a /___
-7-7-17 640 SIOD 9l~
'7 Y //-Of / d/ * /,VD

(<~~-e9/-O4- Zct.& e

BackGnd.Txt

Survey Date Reason Selected n2m. Samples Feg. Clean Avg. Bkg Comment

7 469 A WEdlC_7 3 _'_ g 4_3

41____- '67,2?9 ..... & 2."
17-e06- R-k 8.1-/ C- 57K
75- -& 2-~ 97 ekc_ -3 _ A
7f-/ -atI Ad,-- A 9 Y 7y5~ eo

X96-C$ l&4 ..X Se% Z2 7. ___________

Analysis Notes

nurn surveys rejected: (0) 6 ,,Zo Background = (0< <50) / 0 -

Category: (Stable TF Activi ndetermined, CHANGED

Analyst Name S/W ver (TFGROSS) V2 2.

00 48N
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Dry Well Survey Analysis - Notes

Borehole i6 (- - - /0-/ Ov

Log Date: 01-6 'or 1s

Isotope from Spectral Survey: -

Contamination Zone Depth(s):

Total # Surveys '/ a
# neutron surveys L

q3-/o- 0 Y Last'

Yf'- 7 h r-

Probe Type 0 r
# GR Surveys '-06
Presentation Plot Dates

(If diffirent from I0 & Last)

Max Survey Depth 10 b

GAPS.Txt
Survey Date num. Gaps pprox #Sampl'S Comment

/5~1--c3 13 / 00 -6
t-OS /3 175~

74-07-ZT'f 7
77-61-o2< - o

1-a 33 o

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

77- c ro6c 4rA 7r--
-75- OS-fS Al RA;2 , /7-0

~-46 -tio 07'-7 j7

7' 7-6Z-QJ fl xx, /6y -0
7 '-0r--y/ r ,o Lc le -

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

7i-or-zt2 A/6ok Yr 377 __

7t___ __ _k S67z 32-1
75-s-" 'ZCtt. 9 0 - 0,V
-7 &0 6k , k - 13 7 7o / 3 27-i-a '/j & 1% CC q '7 40 Z z,

Analysis Notes
nun surveys rejected: (0) Z A-e Background = 0 C~ a W
fj 4) /A -r' - Im A-- / -r5 6 -S Ct - ) -s A y-, : /, 4)X

- 2- & t4-, -ij.2. -C j / 7j j , , / A t, zu 9' x

/A/JA,7 1c 7, oA

Category: (Stable, TF Activity, Undetermined,CHANGED ) Z/ft 5% 6 r

Analyst Name r Cc S/W ver (TFGROSS) V2- .

00 489
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filein:= "two58-76.txt"

A:= READPRN(filein)

N:= Iast(yr)

1st Isotope is Co (5.27 yrs)

Well 22-10-10
yr:= A

N =393

net := A7

i:=0..N

Tco:= 5.27

2nd Isotope is Sb125 (2.77 yrs) r2:= 2.77

bkg := A<6>

k:=0..300

max:= A<4 >

j:=0..299

aco:= 200

a2 := 1000

-- (yr - 75),!!D
Coi := aco-e

gross, := neti This d

2000

1500

gross

0
1000

500t

0

- (yri - 75)2
X21:= a2-e T2

ate edited for spurious points

F-~

L/

-0 ~

*/ 00y*
I

74 76 78 80 82 84 86 88 90 92 94

ssq(al,a3) := grossi - [al-e

Given

ssq(aco,a2)-0

4,~

<+1~

"I
''-I

[aco]
a ]:= Minerr(aco,a2)
(x2 I

aco=-65.318 a2 = 1.534-103

- (yr -75) ln(2)

Col := aco-e ( 

aco-= -0.043
a2- (yr.- 75) !L3.

X2i := oc2-e- T2

WRITEPRN("twop.txt"):= out
CON

- =-0.395
Ratio Co/Sb X2N

Co-2nd-Decay.mcd

/9?

7 /
'K

Yri

75) - yr - 75) 2w+a3-eT 
1

'/7

/ (ri -~
''S§4 U

I I -

1-1

out<0> := yr out := tot

toti = Col + X2i

toti := Col + X21

Page 1
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Borehole 22-11-01

Contamination (Cs-137) from 0-5 and 5-10 feet is TF Activity
Contamination (Cs-137) from 19 to 28 feet is UNSTABLE

Grade Thickness Product from 0 to 5 feet is erratic for the 20 years of survey data and is
categorized as Tank Farm activity. Changes in the logging procedure when logging

surface radioactive zones perturbs reliable calculation of the Grade Thickness Product. A
decay line for Cs-137 (identified from HPGe detector) that was fitted to the last few non-

zero survey values is presented.
Grade Thickness Product from 5 to 10 feet is erratic from 1983 to 1986 and is categorized

as Tank Farm activity. Grade Thickness Product from 1984 through 1994 is decreasing
within counting statistics at a rate consistent with Cs-137 (identified from HPGe

detector).
Grade Thickness Product for the radioactive zone (19-28 feet) has four time intervals of
changed activity. (1) Grade Thickness Product was decreasing within the gross gamma

sensitivity at a rate consistent with Cs-137 (identified from HPGe detector) from 1975 to
1980, then a step change in concentration may have occurred. (2) From 1980 to 1983 the

Grade Thickness Product continued to decrease with Cs-137 decay. (3) From 1983 to
1989 the Grade Thickness Product was erratic with five pulses of increased and decreased
activity. (4) From 1989 to the end of the surveys (1993) the Grade Thickness Product has

decreased dramatically.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (5 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 10/4/1993
Number Surveys: 415

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Zones 0-10': Threshold (0< val < 50)

Zone 19-28': Bkg = 30-45'

Depth(s) where Contamination Identified in 0-5, 5-10 feet is TF Activity
Gross Gamma Surveys: 19-28 feet is UNSTABLE

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF:3532 REVO

Borehole 22-11-05

Contamination (Cs-137) from 0 to 10 feet is TF Activity

Grade Thickness Product from 0 to 10 feet is erratic from 1975 to 1985 and is categorized
as Tank Farm activity. A decay line for Cs- 137 (identified from HPGe detector) shows

the surveys since 1985 are consistent with the radionuclide decay.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (5 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 10/4/1993
Number Surveys: 450

Analysis Notes
Number Surveys Rejected : 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 0-10 feet is TF Activity
Gross Gamma Surveys:

Analyst Name: IR.K. Price
Analysis By : Three Rivers Scientific
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HNF-3532 -REVO

K-

00 499

Borehole 22-11-08

Contamination (Cs-137) from 0 to 10 feet is TF Activity
Contamination (U-238/Pa-234 & Co-60) from 56 to 66 feet

is Stable

Grade Thickness Product from 0 to 10 feet is erratic during 1975, 1981, 1984 to 1986,
and is categorized as Tank Farm activity. A decay line for Cs-137 (identified from HPGe

detector) is shown for reference.

Grade Thickness Product for the radioactive zone (56-66 feet) is decreasing within the
gross gamma sensitivity to each isotope and relative intensity at a rate consistent with a

least squares fit of Co-60 (hypothesis) and U-238/Pa-234 (identified from HPGe detector)
between January 1979 and October 1994. Protactinium (Pa-234) is a decay product of
U-238. The least squares fit results in a gross gamma contribution ratio for Co-60 to

U-238/Pa-234 of 0.5 on October 1994.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (5 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 10/4/1993
Number Surveys: 438

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 40 to 50 feet

Depth(s) where Contamination Identified in 0-10 feet is TF Activity
Gross Gamma Surveys: 56-66 feet is Stable

Analyst Name: R.K. Price
Analysis By : Three Rivers Scientific
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HNF-3532 -REVO

Borehole 22-11-09

Contamination (Cs-137) from 0 to 8 feet is TF Activity
Contamination (Co-60) from 20 to 34 feet is Stable

Contamination (Co-60) from 34 to 46 feet was UNSTABLE early

Grade Thickness Product from 0 to 8 feet is erratic for the 20 years of survey data and is
categorized as Tank Farm activity. A decay line for Cs-137 (identified from HPGe
detector) is shown for reference and was fitted to the last few years of survey data.

Grade Thickness Product for the radioactive zone (20-34 feet) is decreasing within
observed systematic limitations at a rate consistent with the decay of Co-60 (identified

from HPGe detector) between 1975 and 1994.

Grade Thickness Product for the radioactive zone (34-46 feet) from 1975 to 1978 was not
showing radioactive decay and is classified as UNSTABLE. Then from 1978 to 1994 the

radiation zone is decreasing within observed systematic limitations at a rate consistent with
the decay of Co-60 (identified from HPGe detector.)

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth : 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 10/411993
Number Surveys: 437

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 10 to 20 feet

Depth(s) where Contamination Identified in 0-8 feet is TF Activity
Gross Gamma Surveys: 20-34 feet is Stable

34-46 feet was UNSTAB early

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole 13 (22 //-0 1 )

Log Date: )- 01~09 '

Isotope from Spectral Survey:

Total # Surveys '4' / Probe Ty]
# neutron surveys .7 # GR Sur
'73- / 0 -v - Last Presentati

C- 7 </s C/(- t-r)
Contamination Zone Depth(s): e- -r , .-rg

pe 127-
veys 9/r
on Plot Dates

(If different from 1" & Last)

Max Survey Depth /0a'
/ 9- 2-t

_____ __ __ ____GAPS.Txt

Survey Date num. Gaps approx #Sampl's Comment

72-z- 3& j\ z- 10 1
7-5- O, Fb to
't-OH-4 1 z- ____I

vt-//--/ i Z- too

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

75 &-26 -r..r /60

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

~/W-Qkt, A|Ifr 3k-- fi 2I 3,

-76-0y,&2 %-/4,bw 7 5.3c ';/

77-t#->. Ale-d4kt cl -Y 2'11 L 7

7 7-07?-a 2 /k5k s7/% 7. 31

/ ' ko 7 R Q51 3340f
S - 7i C L i::i 4/ %t ___7________

9)-03/ '70 9Y' 0% 0-0

Analysis Notes
num surveys rejected: (0) Z/4.t Background= (D 30 -5 i ' -

|1Nr4 -Zk (32 0-,1~-,(--' e-.. 5-V (0-SfCMy

L%3'-o- -5;e-cxc4s-zfc'r

Sbi

Category: (Stable, TE Activity, Undetermined, CHANGED

Analyst Name L// S/W ver (TFGROSS) 1/2 20.

00 5C&s



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole 69 ' zz-1-os)

Log Date: '75 -Aof' I"

Isotope from Spectral Survey:.
Contamination Zone Depth(s):

Total # Surveys 4ts
# neutron surveys 3-
93-/ -dl> Last

CS--/ . ? (c-/ 0(9 ,4

Probe Type 05-
# GR Surveys 'tS
Presentation Plot Dates

(If different from 14 & Last)
S-Ac -r) Max Survey Depth / M

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

7 50 7- Z, 4v19

g7/-0-- Z, 33 go
-46 24

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

6'7 -e -0 -z_ /60

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment
~1-07-3! L&vt/sr / 0 YJ t7.

~7 6- 2. -2- & ' H 7L '7 7 ,0 ___
7 7-Ob -0 64-4 ja 1,6 S-% r ~
y2-7-2-7-Z /Au 1 1s- 7z, '-. t-

1'v- Aluekc-- I ' ?r, 3&

$fl-o3-ov %C-4:4~ 96 Vt'0  .0
Analysis Notes

num surveys rejected: (0) 2f-/Z, Background = (O<val<50)

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name S/W ver (TFGROSS)

00 509



HNF-3532 -REVO

Dry Well Survey Analysis - Notes

Borehole 3%(z-. //-0s)

Log Date: 7 r /-oplr t

Isotope from Spectral Survey: -

Contamination Zone Depth(s):

Total # Surveys L§t3
# neutron surveys -
9 3/OO Last

Cs-13 7 C a a4 -/

Probe Type A1C
# GR Surveys 4L3$'
Presentation Plot Dates

(If different from 1& Last)
o - Max Survey Depth /Oo

GAPS.Txt
Survey Date num. Gaps approx #Sampl', Comment

77-OL -OZ9Z 1 3 t oo
-71-07-11A r 17oI
V - 0- 13 -15- 10V

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

75-O't-oi HI-scc- 6n

7 6-4 T-05-LYi ct/eorr / 70
71-tZ-3 HfI-da / <t L ~~

'7 5-<OVSC7-{< w ae /8z
f- 03-Bdos'ew /00-

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment
76-r--27 A/'7d/ct- Yr _/Tp 62. 3'
76-07-2) ML4&Vn 2OL 2- X% Z, -

6-- kA 97 13'/23,
71-27-,, aQft4' 23n 217 &-/; A!t&Zk.. 7 ?T% ____

VfO-is &q 96 £95 0o

Analysis Notes -/ D X r-
num surveys rejected: (0) -Zs4 o Background = (O<val<50) .4,- F-

Z-044. >7-Ce / 01 ~ h/UC.l 6 r r- C 4r ti-Ae ?At~Searo'e -,-- id ~ " - 7d

40-r / *m94 u-r 7~) Zd' As / c,4 U ,

Category:((Stabl TF Activi Undbtrminedi CHANGED

Analyst Name \ S/W ver (TFGROSS) L/ -/- 2-<.

00 510



HNFr3 5 3 2

filein:= "GTP56-66.txt"

A:= READPRN(filein) 
yr

N:= last(yr) N

1st Isotope is Co (5.27 yrs)

2nd Isotope is U (4.5 ey yrs)

- yr - 75)
Coi := aco-e *

Well 22-11-08
net:= A= A

=426 i:= 0.. N

co:= 5.27

T2 := 4.5.10 9

Syr. - 75)
X21:= a2-e- (I 2

max:= A4>bkg := A<6>

k := 0.. 300 j := 0.. 299

aco := 98

a2:= 16

tot := Coi+ X2

grossi := neti

200

150 F

100 I

50'

0

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94
yr

75)2!L - yr.-75) 2 j]
wo + a3-e- 21

Given

ssq(aco,a2)-O 1=1

aco
:= Minerr(aco,a2)

a2J

aco =98.175

Co-60
- (yr -75) In(2)

CoI := aco-e t*0

out<0 > := yr

- (yr. - 75 J2)
X25 := a2-e- ( ,v

out' > := tot

a2 = 16.748

Uranium

toti := Co + X2

WRITEPRN("twop.txt"):= out
Ratio Co/U

aco
5.862

a2

- = 0.497/
X2N

Co-2nd-Decay.mcd 8/18/98
00 511

-REVO

gross
0

tot.

0

-8#

00

- 4tr-

0 1 00000*00

*0 000 *0* 0 0

00 0 0 00

Page 1

I
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HNF-3 5 32 -REVO

Dry Well Survey Analysis - Notes

Borehole 8Y'zz-j;-vq)

Log Date: 7 35--c- jSt

Isotope from Spectral Survey:

Total # Surveys t9
# neutron surveys j-/
9 ;-/'- Last

Contamination Zone Depth(s): 03-'

Probe Type 0 Y
#GR Surveys r'37
Presentation Plot Dates

(If different from l & Last)
Max Survey Depth /&C

4 0- 9/

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

1/7-p l -oZ-7,9 /do

$J-./ - / / /5- /00
ss- 07-/z, /0 -Aa ~ ~~~

HI-ZONES.Txt
Survey Date ;eason Selected approx #Samp's Comment
7 S-o~ti f m,# cdtvgo I9 5r)- "a i- 0M/s"z

71_&____s-w -o er-Z-/5 :a- Iy l'
77-nc -cz " 0 f/ho Z _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

BackGnd.Txt
Survey Date Reason Selected num. Samples Fed. Clean Avg. Bkg Comment

7k-q 9r-w2/cr - 75' s5-; 1".
7 ,,-eC2o xsl 5 C.,a se 57s 3-3, 3 1
76 -10e- Z? A it-- 61<c- 17 5 ?-'Z> 't_- 1

7 -o -0 Anr- ds'c- sg' 0% 2, 0
'7 7-06-0-t I~ Ij. ,9Y / 1%?

7 S-092o u4-Alc 6<, 9 TV '4 1 _ 9 _

-7~~9 ____f~y ,?

Analysis Notes
num surveys rejected: (0) 4"g0 Background = (Qa4IS -4:s -- 0-.0

fP Ar~v-g. 2 -e 46wr ( 2ox'3rY' g 3r .6cz,
2 -3c-' - -3 t c f4ozo a 7-fl "0)4v lrSt a a c ?'n 'C/lc-vo.

~.r 7 -~ /CIJA,,A

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name -n.C S/W ver (TFGROSS) 1/2-. 20 .

00 512

I
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HNF-3 5 3 2 -REVO

Borehole 22-12-01

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1995 in the vadose zone from 2 to 100 feet.

Surveillance logging activities were not designed to monitor low contamination levels near
the surfce or bottom of the borehole. Low levels of Cesium-137 (identified from HPGe

detector) present at/near the surface and at the bottom were are below the detection
threshold as shown on the Grade Thickness Product plots for 0 to 25 and 90 to 105 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

Survey Depth : 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 6/13/1994
Number Surveys: 424

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By : Three Rivers Scientific
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Borehole 22-12-03

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity
Contamination (Cs-137) from 10-20 feet is Stable

Grade Thickness Product from 0 to 10 feet is erratic for the 20 years of surveillance
monitoring, and is categorized as Tank Farm activity. The gross gamma activity exceeds

30,000 counts per second which may be beyond the linear region of the counting
system. The decay line for Cs-137 (identified from HPGe detector) approximately agrees

with the decrease in Grade Thickness Product.

Grade Thickness Product for the radioactive zone (10-20 feet) is decreasing within the
gross gamma sensitivity at a rate consistent with the decay of Cesiii137 (identified from

HPGe detector) between 1975 and 1994.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (3 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/10/1975
Last Survey Date: 6/13/1994
Number Surveys: 509

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 28 to 42 feet

Depth(s) where Contamination Identified in 0-10 feet is TF Activity
Gross Gamma Surveys: 10-20 feet is Stable

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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Borehole 22-12-05

Contamination (Cs-137) from 0 to 20 feet is Tank Farm Activity

Grade Thickness Product f'rom 0 to 20 feet is erratic from 1975 through 1986 primarily
from logging procedure changes and is categorized as Tank Farm activity. Grade

Thickness Product from 1986 through 1994 is decreasing within counting statistics at a
rate consistent with Cs-137 (identified from HPGe detector).

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth 100 ft

Survey Depth 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 6/13/1994
Number Surveys : 426

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 25 to 40 feet

Depth(s) where Contamination Identified in 0-20 feet is TF Activity
Gross Gamma Surveys :

Analyst Name : R.K. Price
Analysis By I Three Rivers Scientific
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Borehole 22-12-06

Contamination (Cs-137) from 0 to 20 feet is Tank Farm Activity

Grade Thickness Product from 0 to 20 feet is erratic from 1975 through 1986 primarily
from logging procedure changes and is categorized as Tank Farm activity. Grade

Thickness Product from 1986 through 1994 is decreasing within counting statistics at a
rate consistent with Cs-137 (identified from HPGe detector).

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth : 100 ft

Survey Depth: 100 ft
First Survey Date: 1/09/1975
Last Survey Date: 6/13/1994
Number Surveys: 428

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: 20 to 40 feet

Depth(s) where Contamination Identified in 0-20 feet is TF Activity
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By : Three Rivers Scientific
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Borehole 22-12-07

Contamination (Cs-137) from 0 to 10 feet is Tank Farm Activity

Grade Thickness Product from 0 to 10 fret is erratic throughout the monitoring interval
and is categorized as Tank Farm activity. Grade Thickness Product shows that on

occasion the gamma log response exceeded the background activity. A decay line for
Cs-137 (identified from HPGe detector) is presented for the surveys from 1986 to 1991

that were above background.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (2 surveys)
Borehole Depth: 100 ft

Survey Depth : 100 ft
First Survey Date: 1/09/1975
Last Survey Date . 6/13/1994
Number Surveys: 418

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 0-10 feet is TF Activity
Gross Gamma Surveys :

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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Borehole 22-12-09

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1995 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03. Neutron (4 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/16/1975
Last Survey Date: 6/13/1994
Number Surveys: 429

Analysis Notes
Number Surveys Rejected : 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys :

Analyst Name; R.K. Price
Analysis By: Three Rivers Scientific
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Borehole 22-12-09
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Borehole 22-12-10

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1995 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

SurveyDepth: 100ft
First Survey Date: 1/16/1975
Last Survey Date: 6/13/1994
Number Surveys: 424

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys :

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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Dry Well Survey Analysis - Notes

Borehole 67(22 -/2-6/) Total # Surveys ____ Probe Type 0
# neutron surveys .3 # GR Surveys /- 1Y

Log Date: LL- bl1" 19 't- 0 6-/ Last Presentation Plot Dates
(Ifdifferent from lg & Last)

Isotope from Spectral Survey: O - 4'.. 2-1-o./ g- e) Max Survey Depth /00
Contamination Zone Depth(s): VOA/t

GAPS.Txt
Survey Date num. Gaps approx #Sampl' Comment

76-6>7-2) 7-3 9-5-
77-06--ct 1 - /00 ~__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _77-I6--2I'-1 - f - : 2 - ~

HI-ZONES.Txt
Survey Date $eason Selected approx #Samp's Comment

7 -W-2/4 SterarrS.tw, Y%'-

7?3-5oA- SrAr 't

1- - / 1,1 Sen ag,- V o ------w A~,s4q3-12-3 AStn V 1004-/ .St (4P ,OZ 7,f

93-IL-? MC/tco-66- /00
BackGnd.Txt

Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment
7 1-o?-v SA- / 3 c/- r J 7-7, z4 j
77-O -O? AL-.&-<c- V 37y .W7 7
1 6-v Li 04$3 e- -. gS 7 2 yZ~
79-o 3-oA 04Awr 333 gg '- L5 . w
-7qgo - A-ts'<A 1 2 o

3r>-3b70 % csC- 4P 2-% -76 -S2 2- Y-
±Lzb-zQ 7.& X {.&± 7-5 392 Lj.
9t?--47 IAc-d/- 7' 297 __7-fe-~~

Analysis Notes
num surveys rejected: (0) /e/< f /tp&t.s Background = (O<val<50)
0-z5-f 7- / /11:f-r 23 - '

Categry SaF A.tivi Hty, Und Ate- CA, U(C V A ,

Category: (Stable, 4F Activity, Undetermined, CHANGED C &4'

Analyst Name //$ 7/ ...

00 538

S/W ver (TFGROSS) C2. 2 .S
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Dry Well Survey Analysis - Notes

Borehole /'ez 2J2. --0 3)

Log Date: l' 1 st

Isotope from Spectral Survey: C-S
Contamination Zone Depth(s): t7-10

Total # Surveys
# neutron surveys

i 6 - /la

9/ Probe TypeO'"
-3 # GR Surveys '

st Presentation Plot Dates 7J--i/-s
(If diffemrnt from 1I & Last)

(co cr-75 K 2ax Survey Depth /0(10

GAPS.Txt
Survey Date num. Gaps approx #Sampl'! Comment

7 7-N>-in z- go / 00
-17- . . / 7 Z/ 110

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

~/7-ce'-. /1e t'w o1 .s 4i 5 94 ->## ZuO-77-05--)Z jf4te9y pgpts . >./g\

'7-S-vcf 19r 7ro a.- W/ nor'Y 1''/ s bc-c f4 ate. /ft ue
7 0-7- g/ NA#' L p x - 6 -O atoXAo te n
7 9 -f o -- a / o b io o $ & O & 2 r do ,Iv 7

4 C6 ~1 'L -~ /W3 btZ 13 7 A .
0-/ / 6 -... A i I:-- BackGnd.Txt g 5,-1 oy 7CAf cc4<t

-4- A ,-v~~
Survey Date Reason Selected num. e . Clean Avg. Bkg Comment

?(,14-1ly f 6/<4 1 q 1 6 % 1315-L"
72-o5-or k /c '6 (5 1 T 7 1? 7 -3 f 2-~~
77-1o0 7 C-A 2Z9& S37 . , I
77- 09- , I f; CLO4v, /01 - || 31, 7
I q-o-/kvc Jl& . CV- 5 f7-3 -?*/ -03 eiV B/ C- jf 6.7- _ _.__

12-az-ia 7%pcga .fl% 61 __,________

9 - t i k .-. 7 j 197;.,z G

Analysis Notes
nunm surveys rejected: (0)/ Background =(. G0) 2S - V 2 /c

Category: (Stable, TJ Activity, Undetermined, CHANGED

Analyst Name YL/) S/W ver (TFGROSS) /V2- . )
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Dry Well Survey Analysis - Notes

Borehole j3 r 'z-CS

Log Date: 75-of-of 1st

Total # Surveys 921
# neutron surveys ,
Ir -o -/ 3 Last

Isotope from Spectral Survey: Cc -1-3 7 <- 2. - /L
Contamination Zone Depth(s): 0 - 27-s, 'r

Probe Type O't
# GR Surveys 124'

Presentation Plot Dates
(If different from I* & Last)

(0- -7.c-r) Max Survey Depth j 0

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

74 -- z ),3 1 / /_O
77- 045- 00 9 51' /970

q'r-o6-z2 3 era

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

-76-0 ;6 I Oec/% IC r- /0
'7,-/-b-3 bI/Cwdi-c~ j-4i... 'v prt,- A4t..
__-_7-_z At Cts /o ~ ,4r .&$(,AV1r

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment

ZYW-c'q Aw4-1Kc- /OV ____ 32;7 _ __________

71,0 a I fl-e G 1%7 39. /

:12-01-63 %t "6ft./Z 3/, 0
1-3? Av. K6 6 5

Analysis Notes
num surveys rejected: (0) Background = (RcietC .2.5 -/O

A 7 -. A
-'. $Wt-&2.7 ?5'-/L2-,1 g
*c r u'st Lo-s &A'A Ar , CA~/g 0Si 2# AC 7c -r i60. L-'

2-C -o~-r nt.~'6v" 7>e0'rt' feete$Dtog'c cA-useo r4uw-c rfA SC-WL-s As 1Sf.?~$
H'c.-t A-r, tvi ry Zoa- (t't-o2-Z3 -ro gS-gz-i L) Aguocs4;.. w .! flb(V4Y

AK Low~ 4?A Z& /t)A /2 ttM- ? A7 m e%4 NM coSflAp/ CA) sc-*sy
Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name S/W ver (TFGROSS) V 2. o .
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Dry Well Survey Analysis - Notes

Borehole 07 (U --2- 6) Total# Surveys qt2--- Probe Type O't
# neutron surveys ' # GR Surveys 4azZ

Log Date: 75-0I-09 jst I t6-0 3 Last Presentation Plot Dates 15-,-'
(If different from Id & Last)

Isotope from Spectral Survey: Cs -/ C <. ZC A t/ , ( - I 7s7) Max Survey Depth / 00
Contamination Zone Depth(s): r7b 2-4g-r £ 0--' Vir flc -- ?l 4crG1

GAPS.Txt
Survey Date nun. Gaps approx #Sampl' Comment

-77- o.-0 Oz TOD 100 j-z 1A 0
g0-o'6-(T 36) ro

o- - _7 2-1r,

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment
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BackGnd.Txt 5 " / ' '
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment
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Analysis Notes
num surveys rejected: (0)2# R0 Background = Onmief- zo - -t 0

A I-AJ ~?&.st _0- / 7 - ,'. v6,A1 ,,rr!t-r . -rcT '9L /4c,'

Category: (Stable, TF Activity, Undetermined, CHANGED

Analyst Name .-d..tj( S/Wver(TFGROSS) /2..) .
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Dry Well Survey Analysis - Notes

Z2-/z -07

Log Date: 75- 0]-a? I st

Isotope from Spectral Survey:

Total # Surveys ' 2-/
# neutron surveys 2-
' Y-01-/3 Last

CS -/ 3 0 -t -r ,
Contamination Zone Depth(s): 0 -/ ec --r-

5

Probe Type ' L
# GR Surveys A/ 9

Presentation Plot Dates
(If difrerent from I' & Last)

Max Survey Depth / Z

GAPS.Txt
Survey Date num. Gaps approx #Sampl', Comment
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I?- 07-19 1.3 /o ~

HI-ZONES.Txt
Survey Date Peason Selected approx #Samp's Comment
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Dry Well Survey Analysis - Notes
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Dry Well Survey Analysis - Notes
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